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[Proc. Roy. Soc. Victoria, 33 (N.S.), 1921]. 


Arr. L—New Australian Tabanide, with Notes on 


Previously Described Species. 


By E. W. FERGUSON, M.B., Ch.M. 
(With Plates I., II., and 4 Text Figures.) 


[Read 12th March, 1920.] 


The material on which this paper is‘founded is derived from. 
several sources: A number of the new species are from a collec- 
tion of Tabanidae forwarded to me from the National Museum, 
Melbourne, for identification ; others are from Mr. Hardy’s collec- 
tion, mainly Tasmanian, but including a few Western Australian 
forms; the remainder are from the collection of the Department 
of Public Health, New South Wales. 

It was hoped when the paper was undertaken to have revised 
the whole of the species comprised in the hairy-eyed group of 
Tabanus, but the completion of this work would probably delay 
this paper unnecessarily, and it seems better that the descriptions 
of the new species should be published as soon as possible. 

Most of the material under study being from the Southern por- 
tion of Australia, types that I regard as of Antarctic origin pre- 
dominate. To my mind our Australian Tabanid fauna has been 
derived from two sources—(1) Malayan, from which come species 
belonging to Corizoneura, Silvius and Tabanus (excluding the 
hairy-eyed group); (2) Antarctic, from which source have prob- 
ably been derived our Southern Tabanid fauna, including the 
genera Diatomineura, Erephopsis, Pelecorrhynchus and the hairy- 
eyed group of Tabanus (Therioplectes). | 

The distinction between Diatomineura and Erephopsis is by no 
means constant, the two genera are merely separated on the point 
of distinction involved in the opening or closure of the first pos- 
terior cell. In many species of Erephopsis in which the cell is 
usually closed examples are readily found in which it is open. 
On the other hand this cell may be closed in individuals belonging 
to many species of Diatomineura, in which the cell is habitually 
open. ; 

I am indebted to Miss Phyllis F. Clarke for the illustrations 
that accompany this paper. 
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SUBFAMILY PANGONINAE. 


PELECORRHYNCHUS FUSCONIGER, Walker. 
List. Dipt. i., p. 192 (1848) ; Ricardo, Ann. Mag. Nat. Hist. (8), 
V., p. 407 (1910). 

A male in the National Museum from Buffalo Mountains, Vic- 
toria, differs from Miss Ricardo’s description in having bright 
red hair at sides of thorax above wing roots. In a specimen 
from Stradbroke Island, Queensland (collected by H. Hacker, 
kindly given me by G. F. Hill) these hair tufts are bright golden 
yellow. The thorax in the Victorian specimen is also browner 
in colour. In both specimens there is a narrow.grey line on each 
side of median area of thorax, in anterior half only in the Vic- 
torian specimen, in the Queensland specimen extending to 
posterior border, but widening out and becoming less distinct pos- 
teriorly. | 

PELECORRHYNCHUS FULVUS, Ricardo. 
Ricardo, loc. cit., p. 406. 

Two pairs agreeing with Miss Rieardo’s description have re- 
cently been given me by Mr. H. W. Davey, from Bright, Vic- 
toria, 

One of the females differs from the other in the deeper reddish 
tint of the russet colouring of thorax and abdomen, and in having 
the first abdominal segment dark reddish brown instead of uni- 
colorous with the rest of the abdomen. The differences are hardly 
specific. The two males agree with the other female, though both 
are smaller. As the male does not appear to have been described 
1 append a short description. 

3 Long:—12.5 mm. 


Face, black with black hairs, cheeks with long white hairs. 


Eyes widely separated, the forehead as wide as in female. Thorax 
and scutellum as in female. Abdomen shining black, first seg- 
ment with long grey pubescence, the remainder with depressed 
black pubescence, sides of segments with fringe of white hair 
tufts. Legs and wings as in female. 

In one of the males there are a very few reddish hairs inter- 
mingled with the black pubescence. 


PELECORRHYNCHUS CLARIPENNIS, Ricardo. 
Ricardo, loc. cit., p. 408. 


Two females under examination appear to belong to this 
species. The front, however, is not narrowed to ,vertex, .the 
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thorax is brown with suberect black hairs and with scattered 
depressed reddish pubescence; in one female there is a very 
fine greyish line present on each side of median area (the other 
specimen has the thorax discoloured); the breast has reddish, 
not black, hairs; the wings are faintly tinged grey. In other re- 
‘spects the specimens agree with Miss Ricardo’s description. 
Hab. :—Victoria, Warburton (J. E. Dixon, Dec., 1918; Spry, 
5/12/18): | 


PELECORRHYNCHUS FLAVIPENNIS, n.sp. (Plate I.) 


A large black species with yellow submedian thoracic vittae, 
yellow wings spotted with brown, and bicolorous legs. 

S$ Long:—17 mm. 

Black. Face clothed with dark grey tomentum and long black 
hairs, with a few whitish hairs below; beard white behind, black’ 
ii front; palpi clothed with long black hairs. Antennae bright 
reddish yellow, the basal two joints black. Eyes barely touching 
in middle. Posterior surface of head clothed with dense white 
pubescence, the upper margin with black. 

Thorax black with a conspicuous yellow line on each side of 
median area, and a very short, less conspicuous line above wing 
roots; pubescence black, with hoary white tufts of hairs behind 
wing roots, shoulders grey with black hairs, becoming hoary 
below; sides with dense hair tufts, black in front, hoary pos- 
teriorly beneath wing roots. Scutellum black in centre, grey 
at sides, clothed with black pubescence and fringed with hoary 
white hairs at each side and with black in middle. 

Abdomen shining black, with depressed black pubescence and 
long black hairs along lateral margins of segments. Venter 
shining black, lateral margins with hoary white hair tufts. 

Legs with femora black, tibiae and tarsi bright yellow. Wings 
bright yellow with dark brown markings (1) along posterior 
border, extending to apex; (2) across base of discal cell, not 
reaching anterior margin but connected with (1); (3) at apex 
of discal cell connected with (1); (4) a single isolated spot above 
apex of discal cell on second longitudinal vein; (5) at apex. 
where there are three semi-confluent spots, connected with dark 
markings of posterior border. 

2 Long:—13 mm. 

Face strongly protuberant, clothed with brown tomen- 
tum, with grey tomentum below, and a patch of yel- 
lowish tomentum on each side of middle above, with 
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long moderately dense black hairs. Palpi very _ short, 
with second joint black below, reddish yellow above, clothed with 
long black hairs, apex not pointed, with a rather deep concave 
depression above, set somewhat obliquely. Antennae as in male. 
Eyes rather widely separated; the forehead practically square, 
clothed with dark brown tomentum in centre, bordered on each. 
side with yellow, set with black hairs; ocelli on a definite raised 
tubercle. Thorax and abdomen as in male. Legs and wings. 
coloured asin male. 

Hab: Victoria, “Fern ‘Tree + Gully (i. (spry, 0/127 
Launching Place (G. Coghill, 21/1/08). 

Types in National Museum, Melbourne. _ 

The length given for the female is probably an under-esti- 
mate, as the tip of the abdomen is bent to a considerable extent. 

This species differs widely from all others known to me, with 
‘the exception of a species from the Blue Mountains, New South 
Wales. This latter, a description of which is shortly to be pub- 
lished by Mr. G. H. Hardy, agrees with P. flavipennis in the 
coloration of the wings, but differs in the thorax and legs. ; 


EREPHOPSIS CLELANDI, n. sp. 


Allied to E. macroporum, and with similarly marked wings, 
but differing in the palpi. 

¢ Long:—ll mm. , 

Face and cheeks covered with brown tomentum with rather 
sparse black pubescence; beard white; palpi dark brown, second 
joint short, broad, bluntly pointed, deeply concave on outer sur- 
face; antennae dark reddish brown, basal joints lighter, clothed 
with grey tomentum and long black hairs. Forehead moderately 
wide, narrowed to vertex, clothed with brown tomentum and. 
black pubescence, longer on vertex. Eyes with dense brown 
hairs. | 

Thorax, with four dark tomentose stripes separated by light » 
grey ones, the two inner dark stripes brown, the outer ones 
black, clothed with semii-erect black pubescence, with straggly 
tufts of long white hairs above wing roots; shoulders grey with 
long black hairs; pleurae clothed with grey and brown tomentum, 
with long mostly white hair tufts. Scutellum, reddish brown in 
centre, black at sides, clothed with black pubescence. 

Abdomen yellowish brown with dark median spots on first 
three segments, broader on other segments, clothed with dark 
decumbent pubescence, sides with creamy pubescence. Venter 
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light yellowish brown with. semi-erect dark hairs and decumbent 
white pubescence. 

Legs dark brown, anterior and intermediate tibiae and tarsi 
lighter yellowish brown. 

Wings dark grey in cells, clear for a narrow zone along veins; 
stigma dark brown, conspicuous; short or rudimentary appendix 
present. , 

Hab.:—New South Wales, Narrabri (J. B. Cleland, 10/18). 

Four specimens were ‘taken around a well in Pilliga Scrub, 
20 miles south-west of Narrabri, biting the horses. 

In the coloration of the wings the species strongly resemble £. 
macroporum, Macq., but may be distinguished by the abdomen 
not uniformly dark reddish. It also differs from specimens 
from South Australia, which appear to be E. macroporum, Macq., 
in having the second joint of the palpi noticeably shorter, not 
longer, than the first. 

Type presented to Australian Museum, Sydney. 


EREPHOPSIS SUBCONTIGUA, nN. Sp. 


Closely allied to EF. contigua, Walk., but differing in palpi, 
antennae, abdomen and legs. 

? Long :—14 mm. 

. Face clothed with brown tomentum, more yellowish brown 
on sides, with black pubescence and a few straggling creamy 
hairs, especially at sides; beard creamy. Palpi dark reddish 
brown and clothed with aoe hairs along edges, second joint 
long, only moderately dilatate at base and ending in a long point, 
basal portion strongly grooved. Antennae radidiott basal joint 
blackish, with long black hairs above and creamy below, second 
joint lighter than third, with long black hairs longest above. 

Forehead distinctly wider anteriorly than at vertex, clothed 
‘with brown tomentum, yellowish brown at sides, pubescence 
black, some long black hairs on vertex. Eyes hairy. 

Thorax black clothed with dark brown tomentum, more grey- 
ish anteriorly, with feeble traces of grey submedian longitudinal 
lines, pubescence black, with some long mingled black and yellow 
hairs on lateral borders above wing roots and posteriorly, also 
a prominent tuft of creamy hairs just behind wing roots. Shoul- 
ders brown with black hairs. Sides with a prominent tuft of 
creamy hairs above and black hairs below. Scutellum black 
with scanty black hairs. | 
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Abdomen shiny red with a median row of black spots, some- 
times absent on third, and generally widening out on apical seg-- 
ments; lateral margins with long black hair, partly creamy on 
first and second segments, and forming a tuft of creamy hairs on 
each side of apex. Venter reddish, with scanty creamy depressed. 
hairs. Legs, reddish brown, posterior tibiae darker than others,. 
femora black. Wings dark grey, yellow along costal cell; basal 
cells, discal cell and basal part of first posterior cell clear, hya-- 
line; a dark brown band across transverse veins at base of discal 
cell, and traces of a second at apex of discal cell, fading into 
grey of apex, no appendix; first posterior cell closed or feebly 
open. 

Hab.:—New South Wales, Meldrum (near Armidale) (J. 
Raven, 28/12/17). 

Compared with this species, E. contigua differs in the broader 
lighter palpi, in the lighter coloured basal antennal joints, in 
the general clothing much more yellowish, in the darker abdo- 
men, in the lighter legs and in the much more heavily marked 
wings. 

The coloration of the second antennal joint is variable; it ,is- 
perhaps more usually black’than yellowish. 

Type presented to Australian Museum, Sydney. 


EREPHOPSIS RUFONIGER, nN. Sp. 


Allied to E. lasiophthalma, but with median abdominal spots: 
united to form a continuous vitta on first three segments and 
expanding basally on other segments. 

2 Long:—12 mm. ~ 

Face and cheeks black with rather sparse grey tomentum and 
long grey pubescent hairs intermingled with black ones; beard 
dense creamy; palpi with second joint rather short, moderately 
dilated, pointed, strongly concave on outer surface, reddish yel- 
low with intermingled grey and black hairs along upper and 
‘lower margins; antennae reddish, the third joint somewhat 
darker than first and second, which bear long black hairs: Fore-. 
head distinctly convergent towards vertex, black with brownish 
tomentum and long black hairs. Eyes, densely hairy. Thorax 
dull black, subnitid where denuded, covered with dark brown 
tomentum, with long semi-erect black hairs, and with fine de- 
cumbent creamy hairs along anterior portion and forming feeble 
hair tufts above wing roots; shoulders with black hair, tufts; 
sides with very dense creamy hair tufts; scutellum black with 
sparse creamy hairs on apical margin. | 
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Abdomen reddish yellow, with a broad black median spot on 
first segment, continuing as a median vitta on the second and 
third segments, the remaining segments with broad transverse 
bands occupying the basal two-thirds; traces of creamy pubes- 
cence on segmentations; with rather dense lateral tufts, creamy 
on first and second and apical two segments and black above 
creamy beneath on the third, fourth and fifth. Venter lighter 
reddish yellow with sparse yellowish pubescence. 
Legs light reddish yellow; tarsi infuscate, black at apices. 
Wings clear, tips faintly tinged grey, costal margin, the ex- 
treme base of wing, and cross vein at base of discal cell suffused 
with brown; stigma inconspicuous; no appendix present; first 
posterior cell usually closed, open in type specimen. 
Hab.:—New South Wales, Armidale (J. Ravin), Deervale. 


Close to E. lasiophthalma the present species may be distin- 
guished by the continuous abdominal vitta; from E. subcontigua, 
it differs in smaller size, lighter coloured wings, lighter legs, 
shorter palpi, etc. 


’ 
EREPHOPSIS XANTHOPILIS, n. sp. 


A distinctively, marked black and red species with golden hair 
tufts and yellow anterior margin to wings; evidently allied to 
E. jacksonu, Macq. 

Long :—13 mm. 

Face rather strongly convex separated from cheeks by deep 
grooves, testaceous, with grey tomentum, and a few sparse black 
hairs, cheeks black with yellowish grey tomentum and golden 
pubescence; beard golden. Palpi reddish yellow, with second 
joint broad and produced into a rather long point, moderately 
deeply concave on outer surface, set with rather short somewhat 
sparse black hairs. Proboscis long, black. Antennae bright 
reddish yellow, the basal joints rather lighter in colour, the first 
with black hairs above, creamy below, the second with a circlet 
of long black hairs. Forehead distinctly narrowed to vertex, 
black clothed with yellowish brown tomentum and erect rather 
short black pubescence. Eyes clothed with light coloured hair. 

Thorax black, clothed with blackish tomentum, and set with 
erect black hairs and scattered decumbent golden pubescence; 
with rather sparse golden hair tufts above wing roots; shoulders 
with black hairs and decumbent golden pubescence; sides and 
breast with prominent golden hair tufts; scutellum black with 
golden pubescent hairs at apex. 
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Abdomen bicolorous; first segment reddish narrowly mar- 
gined with black along the edge of the scutellum, second reddish 
with a conspicuous median vitta from base to apex, remaining 
segments black; pubescence black with a series of creamy median 
triangular spots on the posterior margins of the second to sixth 
segments; lateral margins with creamy hair tufts on the second 
and apical segments and black overlying creamy tufts on inter- 
vening segments. Verter reddish yellow with rather scanty fine 
decumbent black and light hairs. Legs reddish yellow with basal — 
half of femora black, posterior tibiae darker and tarsi infus- 
cate. 

Wings light grey, the anterior margin and base tinged yellow, 
the base of discal cell and cross veins above lightly suffused with 
brown:; stigma inconspicuous, veins yellowish or light brown; 
no appendix; first posterior cell closed. 

Hab.:—New South Wales, Hawkesbury Rivet (29/117 1335 
Dorrigo (Feb., 1918), Comboyne (3/12/17); Victoria, Bright 
(H. W. Davey). 

I have had this species for some time queried as E. jacksoni; 
on a recent visit to the British Museum it appeared to me to be 
different from the species so identified in that collection; sub- 
sequently a specimen was sent home for comparison with the 
specimens of EF. jackson, and has been returned as “ Erephopsis 
sp., not in British Museum.” Under the circumstances I have 
decided to give the species a new name as specimens are in 
various Australian Museums, and require an appellation, and be- 
cause I feel confident that I know the true E. jacksoni, Macq. 

The amount of shading on the cross veins varies; it is always 
rather faint and generally more yellow than brown, and in some 
specimens is almost evanescent. The Victdrian specimens lack 
the white spots on the abdomen, but this may be due to abrasion. 

Type presented to Australian Museum, Sydney. 


Parasilvius, n. g. 


Ocelli and spurs on hind tibiae present. Face protuberant; 
palpi. very short, first joint round, with undersurface convex, 
second joint short subcylindrical; antennae with first joint short 
about twice as long as second, third joint broad at base then 
subulate, with five distinct subdivisions and evidences, most 
marked in ¢, of three further subdivisions. 

Forehead broad and concave in & ; eyes feebly pubescent in 
?; evidently so in &; wings with geekenior cells all widely 
open, anal cell closed. 
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This genus is proposed for a species from Victoria which can- 
not be referred to any of the previously described ones. The 
? has a broad, irregularly grooved forehead very reminiscent of 
Ectenopsis, but the palpi are very different, and the whole insect 
has a broader facies. The antennae might be regarded as hav- 
ing the third joint, five or eight segmented; in the type *, under 
the microscope (and to a less extent with a hand lens) the apex 
~of the basal portion of the third joint appears very indistinctly 
divided into three annuli; in the other $, this subdivision is 
still more distinct, while in the ¢ this portion of the joint ap- 
pears unsegmented. It seems to me that the genus is one in 
which the antennae are in process of being converted from an 
eight annulate third joint to a five annulate, by a process of fusion 
of the four basal annul1. 

Regarding the third joint as five annulate the genus may be 
distinguished from Silvius by the shape of the palpi. If the 
third joint be regarded as eight annulate the genus would fall 
in the same group as Ectenopsis and Demoplatus; from all the 
members of which, excepting possibly Palimmecomyia,; the genus 
may be separated by its hairy eyes and short palpi. I do not 
think this genus can. be the same as Palimmecomyia, as judging 
from the description the antennae are’ different, and apparently 
have a distinctly eight annulate third joint. 


PARASILVIUS FULVUS, n.sp. 


? Long:—11 mm., a second ? 15 mm. 

Face protuberant, bounded on each side by deep grooves, 
bright, yellow with fine scanty pubescence; beard yellow; palpi 
very short, yellow, first joint briefly oval almost rounded in out- 
line, the lower surface convex, clothed with long yellow hairs, 
second joint short, slender, subcylindrical, ending in a blunt 
point, with short black hairs most thickly set at apex; proboscis 
of moderate length, slightly longer than head; antennae reddish 
yellow, the first two joints paler, annuli black at tip, first two 
joints with a few black hairs at apices, third joint transverse 
ssubquadrate at base, thence subulate, with very indistinct traces 
of three annulations followed by four distinct annuli. Fore- 
head irregularly grooved on each side of middle, distinctly wider 
anteriorly than at vertex, yellow, clothed with yellow tomentum 
and extremely scanty pubescence; ocelli conspicuous with some 
black hairs, on ocellary triangle; eyes with very short hairs, 
facets equal. Thorax deep brown, shoulders yellow; clothed with 
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yellow. tomentum and with erect yellow pubescence mingled with 
darker hairs, especially in middle, with tufts of golden hairs. 
above and behind wing roots; shoulders and pleurae with golden 
hairs ;‘scutellum similar to dorsum, fringed with golden hairs. 

Abdomen flat, broad, dark tawny, first segment black in.middle 
and lighter reddish yellow at sides; clothed with short decum- 
bent black pubescence, with longer black hairs along each side 
and at apex, base and sides of first segment with yellow hairs; 
venter reddish yellow, with fine yellow pubescence. 

Legs reddish yellow, posterior tibiae darker, femoral pubes- 
cence yellow, elsewhere dark. 

Wings tinged grey, costal cell and extreme base yellow, stigma. 
brownish yellow, inconspicuous, an appendix present. 

3 Long:—10 mm. 

Face densely covered with yellow tomentum and long yellow 
pubescence; palpi short, first joint rounded, convex on lower sur- 
face clothed with long yellow hair, second short subcylindrical,. 
rather stout, with black and yellow hairs. Antennae similar to 
but apex of basal portion of third joint apparently non-segmented. 
Eyes contiguous, hairy. Thorax ¢Clothed with long brown hairs 
and with dense tufts of golden yellow hairs at sides, posterior 
border and posterior margin of scutellum with long yellow hair. 

Abdomen shorter than in @, first segment black, with basak 
black spot on second segment, the whole densely clothed with 
long black hairs, sides of segments with long yellow hairs; 
venter with long yellow and black hairs intermingled. Legs and 
wings as in @. 

Hab. :—Victoria, Sea~Lake (J. C. Goudie, Nov.-Dec., 1916). 
Described from 2 29 and 13. The second 2? is larger than 
the type, and the yellow hairs on thorax do not extend to middle, 
which is clothed with the darker hairs; the abdomen is lighter 
tawny colour, but it is possible that this specimen is in better 
preservation; the other was selected as type, as it corresponds 
more closely with the male in size and general appearance. 

Types in National Museum, Melbourne. 


ECTENOPSIS VULPECULA, Weid. \ 


Weid. Ausszweifl. Ins., 1, p. 195 (Chrysops) (1828) ; Ricardo, 
Ann. ‘Mag. Nat. Hist. (8), XVI., p. 266 (1915) ; Taylor, Records 
Australian Museum, XII., 5, p. 63 (1918). 

Miss Ricardo has recorded the synonymy of Pangonia angusta, 
Macq., Corizneura angusta, Bigot and C. rubiginosa, Bigot, with 
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E. vulpecula, Weid., the type species of the genus. While the 
above three species are undoubtedly the same it seems to me 
questionable whether they are really synonymous with £. vul-. 
pecula, Weid. 

I have not seen Weidemann’s original description, but appar-- 
ently the name was applied to a species with black legs. 1 have: 
taken a species at Sydney which has the legs, except the coxae 
deep black, the wings are also smoky, almost deep black in. 
fresh specimens, but fading somewhat with age, the palpi vari- 
able in colour, black to testaceous. Compared with this, which 
corresponds closely with.&. vulpecula, Weid., var. nigripennis,. 
Taylor, are specimens in which the legs are yellowish (tes- 
taceous) and the wings clear, the stigma being inconspicuous. 
in marked contrast to the black of the stigma in the other form.. 
While I recognise that the species may prove sufhciently variable: 
to include the two forms, I think that at any rate varietal names. 
should be given to each. EF. vulpecula, Weid., evidently from all 
the evidence, should be applied to the black legged form, and. 
T would regard the var. nigripennis, Taylor, as a synonym. I 
have found this form during two seasons on the flowers of 
Bursaria spinosa. 

E. angusta, Macq. (= E. angusta, Bigot and E. rubiginosa, 
Big.), would apply to the paler legged form. I am indebted to. 
Dr. Guy A. K. Marshall for the following particulars of these 
species :— 

“Ectenopsis angusta, Macq. (3 &3), and FE. rubiginosa, Big.. 
(1 d) seem certainly the same, all femora dull testaceous (like 
the abdomen); anterior pairs of tibiae similar but slightly in-- 
fuscated at apex, hind pair infuscated throughout ; tarsi blackish, 
anterior pair paler at base. , 

“FE. angusta, Big. (1g ). Femora testaceous yellow; tibiae: 
very slightly darker; tarsi infuscated, paler at base.” 


EcTENOPSIS (?) MINOR, Taylor. 


Silvius minor, Taylor, Records Australian Museum, XII., 5, p. 
62,,(1918). 


I have examined the type of this species, and am strongly 
of the opinion that it cannot be retained in Silvius. Mr. Taylor 
kindly re-examined the type at my request, and agrees with me: 
that the antennae are much more of the Ectenopsis type. The 
number of annulations of the third joint are extremely difficult: 
to make out, but six subdivisions can be seen while the apical. 


=, 
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portion representing the last three joints in Ectenopsis appears 
unsegmented. Probably a new genus may have to be erected 
for the species, but the general facies is so like Ectenopsis that 
I do not think it advisable to do so in the present state of our 
information on this genus. 


EcTENOPSIS AUSTRALIS, Ric. 


Ricardo, Ann, Mag. Nat. Hist. (8), XIX., p. 217 (1917) ; 
‘Taylor, Records Australian Museum, XII., 5, p. 63, (1918). 

Miss Ricardo is incorrect in her statement as to the location 
of the types—the male type is in the British Museum, not the 
female, as stated by Miss Ricardo; the latter is at present in 
my possession, but it is intended to present it, with other types, 
te the Australian Museum, Sydney. 

Mr. Taylor’s descriptive notes do not apply to this species. I 
thave examined the specimens in the Australian Museum, and 
they are certainly not E. australis, Ric. The female type mea- 
sures 10.5 mm. in length. | 


ECTENOPSIS (?) VICTORIENSIS, sp. n. 


A dark brown species with long body and comparatively short 

wings, doubtfully assigned to this genus. 
Long :—14 mm., width across head 3.5 mm., wing 11 mm. 

Face protuberant with very deep sulci on each side, yellow- 
‘brown clothed with grey tomentum and scanty grey pubescence; 
beard scanty grey; palpi yellow, first joint very short subcylin- 
-drical, clothed beneath with long grey hairs; second joint slen- 
‘der, at least twice as long as first; curved, slightly constricted 
at base, and ending in a fine point, clothed with short dark hairs; 
antennae with first two joints yellowish-brown, tipped with black 
liairs, the third joint with small quadrate basal portion and first 
three annuli which are small and indistinct, reddish yellow, and 
the remaining annuli black and much more distinct. Forehead 
light brown covered with grey tomentum, and some black hairs 
on ocelligerous triangle; concave anteriorly, and about twice as 
wide as it is at vertex. Eyes bare, facets equal. Thorax deep 
‘brown, clothed with brown tomentum and with traces of yellow 
‘brown tomentum forming an indistinct stripe on each side of 
median area; with semi-erect dark hairs anteriorly and long 
scanty decumbent grey pubescence posteriorly, and above wing 
roots, sides with scanty grey pubescence, scutellum similar with 
a fringe of scanty grey hairs. 


“ 
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Abdomen dark brown, segmentations yellowish brown; first 
segment with grey pubescence, remainder with short decumbent 
dark pubescence, and a fringe of yellowish brown hairs on seg- 
mentations; venter similar, segmentations rather broader. Legs. 
light yellowish brown, the posterior pair rather darker, tibiae 
slightly darkér at apices; tarsi brown; long spurs present on 
posterior tibiae. 

Wings, grey, yellowish brown along the anterior border; veins. 
brown, stigma brown, appendix present, all the posterior cells. 
open. ss 

Hab. :—Victoria, Mallee District. ; 

Described from a single female sent by the National Museum, 
Victoria. I have referred this species to Ectenopsis with a good. 
deal of hesitation, the antennae are very similar to those of Para- 
silvius, and the basal divisions of the third joint are very in- 
distinct. The palpi are, however, different, and more like those: 
of Ectenopsis, though shorter “and more slender. Probably a. 
new genus will ultimately have to be erected for its reception, 
but I am unwilling to do so at present on a single female. The 
coloration will readily prevent any confusion with the described 
species of Ectenopsis. 

Type in National Museum, Victoria. 

-Since the above description and notes were written, I have: 
received for examination two males belonging to the South Aus- 
tralian Museum, which appear to me to belong to the same 
species as the Victorian female. There are some differences. 
which may, however, be sexual, and the specimens are certainly 
too like E. victoriensis to be described as distinct, at least until 
a South Australian female can be obtained. 

Following is a short description of the males in so far as they 
differ from the type female. 

$ Long :—-10-12 mm. 

Colour and clothing as in female; eyes contiguous, bare, facets: 
equal; ocelli distinct. Facial triangle reddish brown, clothed with: 
grey tomentum and with long bristle-like hairs, first joint short 
and stouter than second; second short and ending in short point, 
shorter and stouter than in female; antennae rather more slender 
than in 9, and with apical annulus only dark, the third joint with 
five distinct annuli and indistinct evidence of two further sub- 
divisions, the apex of antennae with a group of short hairs. 

Thorax dark brown with evidences of three indistinct greyish 
tomentose stripes, clothed with upright brown hairs, sides with 
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tufts of long pubescence, mostly creamy, brown in centre; 
scutellum reddish brown. 

Abdomen, narrower than in female, dark brown, segmentations 
lighter, clothing abraded. 

Legs and wings as in female. 

Hab.:—South Australia, Denial Bay, Murray River. 


SILVIUS SULCIFRONS, Ni. sp. 


A black medium sized species; forehead with median line de- 
pressed, sulciform; wings clouded on veins. 

2? Long:—12 mm., width of head 4 mm., wing 11 mm. 

Face and cheeks clothed with grey tomentum and rather 
sparse black pubescence, a few white hairs in groove between 
face and cheeks; beard white; palpi dark reddish, clothed with 
short black pubescence, second joint long, nearly equal to pro- 
boscis, slightly curved; moderately stout at base, apex truncated ; 
antennae with first joint rather long, black, clothed with grey 
tomentum and black pubescence, second joint much shorter, red- 
dish, with circlets of black hairs, third joint reddish, annuli black, 
base broad with a very strong tooth projecting forwards; sub- 
callus not strongly tumid nor shiny, densely clothed with grey 
tomentum and with. short black pubescence. Forehead com- 
paratively narrow, subparallel, densely clothed with brownish 
tomentum, with scattered black pubescence; a short linear callus 
anteriorly followed by a depressed sulciform line extending to 
ocellary triangle; ocelli present; eyes hairy. 

Thorax black, tomentum dusky, with faint traces of a sub- 
median grey line on each side anteriorly; pubescence black, a few 
grey hairs posteriorly and at sides; shoulders dark, with reddish 
tinge, clothed with long black pubescence, sides black with grey 
tomentum and tufts of long hair mixed with black and hoary 
grey. Scutellum black with scanty. grey hairs along posterior 
margin. 

Abdomen black, segmentations reddish brown; with decumbent 
black pubescence and apical triangular white flecks on second, 
third and fourth segments, first four segments also with posterior 
margin fringed near sides with white pubescence. 

Legs dark, femora black with yellow knees, tibiae-and tarsi 
reddish brown; posterior tibial spurs rather long and distinct. 
Wings with veins faintly margined with brown; most distinct 
along anterior border and on cross veins. 

Hab.:—West Australia, Perth (G. H. Hardy). 
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Four specimens under examination. he species is somewhat 
variable in the coloration of the abdomen, in one specimen the 
tsegmentations are broader and more reddish, while in another 
the third and fourth segments are almost whoily reddish, while 
the black on the second is reduced to a large median spot; the 
wings in these two are also more heavily shaded with brown, 
and the palpi more dusky. As in other respects these agree with 
the type, I cannot separate them specifically. 

The species should be readily recognised by the frontal struc- 
ture; the hairy eyes will also distinguish from most described 
Australian species of Silvius. 

The type has been kindly presented to the Australian Museum, 
sydney, by Mr. G. H. Hardy. 


. 


SILVIUS NIGROAPICALIS, MN. Sp. 


A dark winged species allied to S. nigripennis, Ric., but with 
basal two-thirds of abdomen bright yellow. 

.d Long:—12 mm., width across head 4 mm., wing 10:5 mm. 

Face clothed with bright golden yellow tomentum and similar 
coloured pubescence; beard golden yellow; palpi black clothed 
with short black hairs, first joint short and narrow, second joint 
rather stout, broader than first and about three times as long; 
antennae black, first two joints with black hairs, third joint broad 
and angulate above at base, annuli indistinctly divided. Sub- 
callus not protuberent, densely clothed with golden yellow tomen- 
tum. Eyes contiguous, bare, facets equal; ocelli present. 

Thorax black, clothed with dense black pubescence; shoulders 
and pleurae clothed with dense tufts of long golden yellow hairs; 
scutellum black with black pubescence. 

Abdomen with first three segments golden yellow, with rather 
scanty golden pubescence along the posterior margins, remaining 
segments black with black pubescence; venter with same alterna- 
tion-of colour, golden pubescence on basal segments rather more 
dense. Legs black. Wings tinged dark sooty grey, almost 
black, slightly paler in centre of cells and at extreme tip; no 
appendix present. | 

Hab.:—North Queensland, Claudie R. (J.. A. Kershaw, 
16/1/14). . 

' The species, of which I have two males before me, is allied 
to S. nigripennis, Ric., from the same locality. The differences 
in the clothing of head and thorax and in the coloration of the 
abdomen are too great for me to consider that it is the male of 
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S. nigripennis, though the coloration of the wings is exactly as 
in that species. 
Type in National Museum, Melbourne. 


SUB-FAMILY TABANINAE. 
Tabanus. 
Group XI.—Therioplectes. Hyes Hairy. 
TABANUS CIRCUMDATUS, Walker. 


List, Dipt. I., p. 185 (1848); Ricardo, Ann. Mag. Nat. Hist. 
(3), 20V Igep. 280/( 1915). | 

Synonyms: T.nepos, Walk., T. abstersus, Walk., T. breviden- 
tutus, Macq., T. hebes, Walk. 

Considerable confusion still exists between the three allied 
species, 7. circumdatus, Walk., T. antecedens, Walk., and T. eden- 
tulus, Macq. As the result of the study of a considerable amount. 
of material from Tasmania and the southern portion of Aus- 
tralia, I had hoped to be in a position to state definitely what 
were to be regarded as the differential features separating them. 
For various reasons, it appears desirable to postpone a detailed. 
discussion of this question, and I have limited my remarks to a. 
purely preliminary note on each species. 

The chief difficulty confronting any worker on this difficult. 
group (Therioplectes) is the variability of some of the species. 
In this respect, T. circumdatus is extremely difficult to define ;. 
at present I regard it as distinct from T.edentulus, but many 
forms occur which might with almost equal justice be referred 
to either species, or in some instances justify their erection into. 
distinct species. 

In Tasmania occur three closely allied forms, one certainly 
T. circumdatus, another identified by White as T. edentulus,. 
and apparently always distinguishable from T. circumdatus by 
the noticeably different antennae, and the third a larger. species. 
provisionally identified as T. acutipalpis, Macq. T.antecedens is 
readily distinguished from all three and appears to be restricted,. 
as far as my observations go, to Tasmania. 

On the mainland occur variable forms of both T. circumdatus’ 
and T. edentulus, some of which tend to link up the two species. 

Miss Ricardo, besides giving the above synonymy, notes the 
possible synonymy of 7. edentulus, T. acutipalpis, and T. frater- 
culus, Macq., with T.circumdatus. I have no knowledge of 
T. freterculus, Macq. 
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TABANUS EDENTULUS, Macq. (Plate Il., fig. 5). 


Macquart, Dipt. Exot. Supp. i., 34, 68, Tab. iii, fig. 13 (1845) ; 
White, Papers and Proc. Roy. Soc. Tasmania, p. 10 (1915). 

Mr. White has attached Macquart’s name to a species closely 
allied to T. circumdatus, but I do not know what is his authority 
for the identification. While in Paris 1 examined a number of 
Macquart’s Australian Tabanidae, and have the following brief 
note on this species :— 

“*T. edentulus, Macq., n. sp.’ So marked in Macquart’s hand- 
writing, has the eyes: densely covered with white silky pubes- 
cence, otherwise it is a dark species. I think it is antecedens ac- 
cording to White.” 

I do not now remember my authority for ascribing the hand- 
writing to Macquart; probably my informant was M. Lesne,,. 
who was so kind as to show me the specimens. I cannot be cer- 
tain that the specimen examined was actually the type, as there 
was no type label. Pending further enquiries I do not propose 
to sink T. antecedens, Walker, under T. edentulus, Macq. 

The species ‘identified by White as 7. edentulus is certainly 
distinct from T.antecedens, Walker, but for the present I have 
left the species under Macquart’s name. White’s paper may be 
referred to for a full description. 

Typical specimens differ from 7. circumdatus in, the noticeably 
more slender third joint of the antennae; as a rule, it is a_ 
smaller, darker species than T. circumdatus, but is variable both. 
in size and colour. 

Further discussion of the variations, both of this species and 
T. circumdatus is postponed for the present. 


TABANUS ACUTIPALPIS, Macquart. 


Macquart, Dipt. Exot., 1,.p. 131 (1838). 

Specimens of a large species allied to T. circumdatus are be- 
fore me; they agree with specimens in the British Museum doubt- 
fully labelled T. acutipalpis, Macq. 

While in Paris I made the following note on specimens labelled. 
' T. acutipal pis :— 

“T.acutipalpis, Macq., Tasmania, seems to me certainly 
T.circumdatus. Nine specimens, with at least two with labels. 
in Macquart’s handwriting.” 

Miss Ricardo’s notes under T. circumdatus: “ Tabanus acuti- 
palpis, Macq., appears very similar, but is larger in size.” 
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As most of the Tasmanian specimens of T.circumdatus are 
larger than the mainland ones, I think it is likely that this 
synonymy will be found correct; at present, however, I am not 
quite certain, as I am not sure | saw the type, and as I did not 
have undoubted specimens of 7. circumdatus with me for com- 
parison. For the present, therefore, I do not intend to describe 
the specimens aliuded to above which are certainly distinct from 
T. circumdatus. They represent a species which seems confined 
to Tasmania, Flinders Island (probably other islands of Bass 
Strait), and the neighbouring portion of Victoria. 

Macquart gives the locality as follows:—De l’ile King, dans 
VYOceanie. M. Durville. Museum. Is it possible that King 
Island in Bass Strait was intended? 


TABANUS ANTECEDENS, Walker (Plate II, fig. 3.) 


Walker ¢ List. ‘Dipt..13p. 178. (1848)-; 2. List, Dipt; ov Sa 
253 (1854); Ricardo, Ann. Mag. Nat. Hist. (8), XV1., p. 2/9 
(1915); White, Roy. Soc: of Tasmania, Papers and Proc jaime 
CLYTS). 

There can be no doubt from the description given by Miss 
Ricardo of Walker’s type, female, that White is correct in iden- 
tifying it with a common Tasmanian species allied to, but dis- 
tinct from, both 7. circumdatus, Walk., and the species generally 
known as 7. edentulus, Macq. 

By a curious error, however, Miss Ricardo has reversed the 
references given for the sexes, the male having been described 
first in 1848. a : | 

Referring to the male, Miss Ricardo gives the following note: 
—‘“ The male type of Tabanus antecedens comes from New Hol- 
land (Hunter), and the antennae are imperfect; whether it is 
really the male of the above is doubtful.” This opens up the 
question as to the correct assignation of the name to the female, 
which is further complicated by the possibility that the name 
T. edentulus, Macq., should belong of rights to the species under 
review and not to the one usually identified under this name. 

Pending further information I am content to leave the names 
as at present utilised. Thus understood 7. antecedens may be’ 
distinguished from T.edentulus, Macq. and T. circumdatus, 
Walk., by the pubescence on the eyes noticeably longer and 
denser and white in colour, and by the more densely hairy front. 

In these respects it is nearer T. latifrons, sp. n., but the wider 
forehead will distinguish that species. 
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TABANUS LATIFRONS, n. sp. (Plate II., Fig. 1). 


Allied to T. antecedens, Walk., but with*broader forehead. 

$ Long:—12 mm.; width of head 5 mm.; wing 10.5 mm.; 
‘ Long :—13 mm.; width of head 5 mm. 

? Black; face, cheeks and subcallus black, reddish brown above 
proboscis, densely clothed with white tomentum, and with long 
pubescence, white below, dark above and on subcallus, the latter 
not markedly tumid nor shining. Palpi dusky, lighter at apex, 
moderately thickened at base, with dark grey tomentum and mixed 
pale and dark pubescence, iong and somewhat straggling at base, 
shorter at apex. Antennae black, first and second joints grey, 
and clothed with long dark hair like pubescence, third joint 
broad at base; prominently angulate above, annuli somewhat 
shorter than basal portion. Forehead very broad anteriorly, dis- 
tinctly narrowed to vertex, about twice as long as it is wide 
_anteriorly; densely clothed with dark brown tomentum, slightly 
variegated with grey, and with long dense dark hairs, longest 
-and most dense at the vertex; callus transverse or subquaderate, 

reaching eyes without lineal extension, black. Eyes densely 
pubescent, the pubescence long, light brown with grey reflec- 
tions from certain directions. Thorax black, shoulders reddish, 
densely clothed with black tomentum with a narrow indistinct 
grey tomentose stripe on each side of median area most evident 
anteriorly, and two indistinct’ lateral stripes most distinct pos- 
teriorly; dorsum densely clothed with long erect black pubes- 
cence, and with scattered white decumbent pubescence, most dis- 
‘tinct posteriorly. Sides black with long pubescence, mostly. 
white, but dark in centre. Scutellum black, fringed on each 
-side with long white. pubescence. 

Abdomen subparallel, black, segmentations dark grey, hardly 
lighter than rest of dorsum, densely clothed with semi-erect 
Dlack pubescence, with small white pubescent spots on all seg- 
‘ments except first, most distinct on 2-5; the lateral and postero- 
lateral margins of segments from the 2 debi also fringed with 
white pubescent hairs. Venter black with dark grey tomentum, 
and densely clothed with long eréct black hairs, posterior mar- 
‘gins of segments with short depressed white pubescence. 

Legs dark, femora black, tibiae dark reddish brown, the inter- 
‘mediate lighter in colour, and the anterior black at apex; tarsi 
black; femoral pubescence mostly dark, pubescence on posterior 
tibiae irregular as in T. antecedens. 
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Wings, hyaline, veins and stigma black; appendix present, 
always short, sometimes rudimentary. 

& Eyes contiguous, very densely hairy, facets apparently. uni- 
form in size. Antennae with third joint less expanded at base,. 
first and second joints very hirsute. 

Palpi yellowish brown, second joint oatshaped, densely pubes-. 
cent. 

Thorax similar to $. Abdomen much more strongly nar- 
rowed to apex, black sides of first and second segments reddish 
brown, clothing as in 9. ! 

Legs and wings as in @. 

The female differs from T.antecedens female in the wider 
front, which is also more hirsute, the basal antennial joints are: 
also much more hirsute. In general it is darker in colouration. 
than T. antecedens, of which it may represent a mountain race. 

Hab.:—Cradle Mountain, Tasmania (G. H. Hardy, Jan.,. 
1917), lf, 7 22. Two females from Mount Wellington and. 
one female from Maria Island apparently belong also to this 
species, but differ in having the second abdominal segment red- 
dish brown towards sides, with lighter anterior margin (in T. lati- 
frons the antertor margin of second segment is dark-. greyish), 
the other segmentations also are obscure reddish grey, instead. 
of dark grey. 

In some specimens the first and second joints of antennae are 
black. A further long series of this species from Cradle Moun- 
tain, collected by Messrs. A, M. Lea and H. J. Carter, is imetiie 
South Australian Museum collection. Types presented to Aus- 
tralian Museum, Sydney, by Mr. G. H. Hardy. 


TABANUS TASMANICUS, n.sp. (Plate II., Fig. 2). 


A medium sized dark species, resembling 7. edentulus in ap-- 
pearance, but with frontal callus not reaching eyes. 

$ Long, 13 mm., width across head 4.5 mm., wings 11 mm. 
Face and cheeks densely covered with grey, almost whité tomen- 
tum, and with scattered black pubescence, a few white hairs at. 
sides of face; beard white, with a few intermingled dark hairs. 
Palpi slender, somewhat thickened at base, cream coloured, 
clothed with scattered mingled dark and pale hairs, longer at 
base. Antennae reddish brown, the third joint darker, first and’ 
second joints with moderately short black hairs; third joint not 
greatly expanded at base, angle small but distinct, annuli longer 
than basal portion. Subcallus black, densely clothed with grey 
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tomentum. Forehead wider anteriorly, about three times as 
long as broad anteriorly; clothed with grey tomentum, blackish 
in middle, and with moderately sparse dark hairs; callus black 
shining, small transverse, not reaching eyes, with short linear 
extension. Eyes with moderately dense short brown pubescence, 
width across eyes less than the width of abdomen. 

Thorax black covered with grey tomentum, leaving three in- 
-distinct black lines, one median and two lateral, a short black 
line also traceable on each side above wing roots; pubescence 
white, scattered; long dark erect hairs also present, most numer- 
ous anteriorly; shoulders grey; sides grey with long white hairs. 
Scutellum black with grey border, and with a fringe of long 
‘rather scanty white hairs. ‘ 7 

Abdomen dark brown, first segment almost black, base of 
second segment and the segmentations rather broadly margined 
~with grey; pubescence dark on basal portions, creamy: white along 
segmentations, the white hairs thickest at sides, and on a series 
of apical median spots forming a more or less continuous median 
stripe. Venter yellowish, darker at base of segments, with long 
black semi-erect hairs and with finer decumbent creamy hairs 
‘most marked on segmentations. 

Legs yellow, femora dark brown, almost black, with yellow 
* ‘knees ; tarsi infuscate, especially the anterior; pubescence on pos- 
terior tibiae rather straggling and irregular. 

Wings hyaline, the veins very faintly margined with light 
brown, slightly more distinct on cross veins; stigma and veins 
‘brown, long appendix present. 

Hab. :—Tasmania, Dunally (seven specimens); Bream Creek 
(two specimens). Collected by G. H. Hardy. 

Dates of collection, Dunally, 9-15/2/18; Bream Creek, 
18-20/2/18. . 

The coloration of the thorax varies somewhat, and might 
‘be better described in the Bream Creek specimens as black, with 
more or less distinct grey lines; most of the specimens have, 
however, the thorax as described, though greyish lines are trace- 
-able between the black stripes. 

The head is small as compared for example with specimens 
of T. edentulus of the same size. The size is also variable, rang- 
ing from 9.5 to 13 mm. 

I do not know of any previously described species with which 
this can be confused. 

Type presented to Australian Museum, Sydney, by Mr. G. H. 
Hardy. 


iz 
i) 


E. W. Ferguson : 


TABANUS BASSII, sp.n. (Plate IL, Fig. 4). 


A small dark species with elongate frontal callus, not reach- 
ing the eyes. ; 

2 Long, 10 mm., width across head 4 mm., wing 9 mm. 

Face black, densely covered with yellowish grey tomentum,,. 
and with long dark pubescence intermixed with a few sparse 
yellowish hairs; beard creamy. PPalpi slender, little thickened. 
at base, pale yellowish brown, clothed with cream pubescence: 
below and with dark hairs above. Antennae black, first joint 
with a few sparse black hairs, third joint rather strongly widened. 
at base, angulate above, annuli as long as rest of joint. Sub- 
callus black, shining whete denuded, clothed with dense yellow 
ish grey tomentum. Forehead moderately narrow, very 
slightly narrowed at vertex, clothed with dense dark grey tomen-: . 
tum, with a distinct. yellowish tinge, and with short black pubes- 
cence longer on vertex; callus elongate, narrow, about one-third: 
width of forehead, tapering above, and with a lineal extension to» 
middle. Eyes clothed with dense brownish pubescence. 

Thorax black, shoulders grey, with rather sparse pale creamy 
decumbent pubescence, and longer erect black hairs; sides pos-- 
teriorly, with tufts of creamy pubescence; shoulders with long: 
black hairs; pleurae dark grey, with intermixed creamy brown: 
pubescence. Scutellum black, ,grey at sides, fringed with long 
pale creamy pubescence. 

Abdomen black, first segment brownish yellow at sides, second’ 
segment brownish-yellow at sides and along each margin, seg- 
mentations margined with same colour; clothed with decumbent 
black pubescence, the segmentations with creamy, almost pale 
golden pubescence, dilated to form a series of median triangular 
spots on the segments. Venter black, with lighter segmentations,. 
covered with yellowish grey tomentum, and with creamy pubes- 
cence most dense on the segmentations. } 

Legs with femora black, tibiae reddish brown, the anterior 
darker at apex, and tarsi dark reddish brown, the anterior black 
femoral pubescence long, creamy, posterior tibial fringe rather 
short, regular, black, a few pale hairs intermingled. 

Wings hyaline, veins brown, very faintly margined with light. 
brown, stigma brown, conspicuous; appendix present. | 

Hab.:—Victoria, Wilson’s Prom. (Prof. Sir Baldwin Spen— 
cer) ; Macedon (J..E. Dixon, 17/2/17) ; Gippsland, Forrest (H- 
W. Davey); Tasmania, Wynyard (G. H. Hardy). 


New Australian Tabanidue. 93 


This species may be distinguished from its nearest congeners, 
T.tasmanicus and T.dixoni, by the frontal callus; the forehead 
is also very much narrower than in 7. dixvoni. The shading of 
the wing veins varies considerably, and in some specimens the 
Wings appear quite hyaline. 

Type in National Museum, Melbourne. 

VABANUS (DIXONT, n.sp. (Plate 11.) big, 6). 

A small species allied to T. postponens, but with much broader 
forehead. 

? Long, 10.5 mm., width across head 4.5 mm., wing 9.5 mm. 

Face and cheeks light reddish yellow, covered with grey tomen- 
tum and with scanty whitish pubescence; beard white.  Palpi 
slender, a little stouter at base, yellow with long white pubes- 
cence at base, and a few short dark hairs elsewhere. Antennae 
with first two joints yellow, broadly dilated and angulate above; 
annuli black about as long as basal portion. Subcallus yellow- 
ish brown or reddish yellow, much denuded, in other specimens 
covered with grey tomentum. Forehead broad, hardly more than 
twice as long as wide, parallel sided; reddish yellow, clothed with 
grey or yellowish grey tomentum, and with scattered short black 
hairs; callus reddish yellow, small, inconspicuous, about one- 
third the width of front, tapering to a point, and with a lineal 
extension to middle. Eyes with rather short, fine pttbescence. 

Thorax black, shoulders reddish grey, clothed with grey tomen- 
tum, leaving indistinct indications of three black stripes separated 
by grey lines; with sparse decumbent golden pubescence and 
long erect» black hairs, with scanty tufts of grey hairs above 
wing roots; shoulders with long dark hairs; sides reddish grey 
with long grey pubescence. Scutellum black with grey tomen- 
tum. Abdomen black, segmentations pale grey, dilated in centre 
to form a row of triangular spots on segments two to six, second 
segment bordered with grey at base; pubescence decumbent black, 
pale creamy on segmentations and on the median spots. Venter 
pale reddish yellow, somewhat darker at apex, clothed with 
grey tomentum with scanty short dark hairs, intermingled with 
creamy ones. ; | 

Legs pale reddish yellow, anterior tarsi black, the others dark 
reddish brown; ‘femoral pubescence pale, posterior tibiae with 
rather sparse brown hairs. Wings clear, costal cell pale brown, 
veins brown, stigma brown distinct, appendix present. 

Hab.:—Victoria, Lake Hattah (near Murray River), (J. E. 
Dixon, Nov., 1918); Mallee (J. E. Dixon, October, 1918). 
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The callus in this species is inconspicuous, being little raised 
and of the same colour as the frontal derm. 

Mr. Dixon informs me that the eyes are brilliant green in 
life. 

From T. postponens, Walk., it differs in its much darker col- 
oration and wider front. The difference in the forehead, colora- 
tion of callus, antennae, legs, etc., will differentiate it from 
T. bassit, sp. n. 

The Mallee specimen is larger than the type, measuring 13 
mm. 

Type in National Museum, Melbourne. 


TABANUS REGIS-GEORGII, Macq. (Text figures, la, 2). 


Macquart, Dipt. Exot., 1, p. 132 (1838); Ricardo, Anu. Mag. 
Nat. Hist. (8), XVI., p. 276 (1915); T. brisbanensis, Taylor, 
Proc. Linn. Soc. New South Wales, XEIM, 3, "pe 520.1 7oe 
tds KOLA bi ip G7 TS19y. 

I am indebted to the authorities of the Queensland Museum 
for a series (3 d and 3 2) of T. brisbanensis. The females are 
identical with females from New South Wales, and identified 
as T. regis-georgu at the British Museum. 
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Text figure la. Tabanus regis-georgii, Macq,, 36 antenna 
and eye facets. 

The specimen from which this figure is drawn was sent from 
the Queensland Museum under the name of T. brisbanensis, 
Taylor. 

b. Tabanus diemanensis, n.sp.. & antenna and eye facets. 
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Mr. Taylor has recorded T. brisbanensis also from Tasmania, 
at the same time pointing out certain differences between the 
females, though he does not regard these differences as of speci- 
fic value. There is a long series-of a species very close 
to T.regis-georgii among Mr. Hardy’s Tasmanian Tab- 
-anidae, which probably are the same as the species Mr. Taylor 
had from Tasmania. Though the females are very close, the 
‘males present differences which appear to be certainly of 
specific value. Further details will be found under the follow- 
ang species :— ' 


TABANUS DIEMANENSIS, n.sp. (Text Figures 1b, 3.) 


Closely allied to T.regis-georgii, Macq., but differing in the 
‘more finely facetted eyes of the male. 

S$ Long:—l0 mm., width of head 4 mm., wing 9 mm. 

Face and cheeks densely clothed with creamy yellow tomen- 
‘tum, and with long brownish hairs; beard yellow. Palpi nearly 
as long as proboscis, second joint elliptical, yellow, set with long 
hairs, creamy at base, brown nearer apex. Proboscis very short. 
Antennae reddish brown, the first joint more greyish, and the 
annuli blackish, first two joints with long hairs, yellowish on 
undersurface of joints, brown above; third joint noticeably 
shorter (though somewhat variable in length) than in T. regis- 
georgi, with basal portion broader and more distinctly angu- 
late, annuli shorter. Eyes contiguous, densely clothed with long 
black hairs, with larger facettes occupying the upper and inner 
two-thirds, becoming finer below, and also towards the upper 
margin, these larger facettes noticeably smaller than the corres- 
ponding ones in T. regis-georgii. 

Thorax with a broad median band from anterior margin to 
tmiddle, indistinctly divided by a narrow paler median stripe, 
and continued from middle as a narrow, dark median stripe, 
also with narrower sublateral dark stripes and a short narrow 
‘stripe Over each wing root, these dark stripes separated by nar- 
tower grey stripes; rather densely clothed with fine creamy de- 
cumbent pubescence, and with longer erect brownish hairs; rather 
small creamy tufts of hairs present above wing roots; shoulders 
with dark hair tufts; sides with tufts of long creamy yellow 
hairs brownish in centre. Scutellum dark brown, the apical 
‘margin grey, and fringed with long creamy hairs. 

Abdomen dark brown, the segmentations broadly banded with 
dighter colour, varying from light brown to creamy, and forming 
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a series of median triangular spots on each segment, second seg- 
ment with sides and basal border pale; pubescence black on. 
dark portions, bright creamy almost golden on pale areas and 
segmentations. Venter light yellowish brown with bright semi-- 
erect creamy pubescence. 

Legs with femora blackish, tibiae yellowish brown, and tarsi 
iniuscate. 

Wings hyaline, the costal cell, extreme base and cross veins: 
very lightly suffused with brown, stigma brown, conspicuous ;: 
small appendix present. 

Long :—10.5 mm., width of head 4 mm., wing 9 mm. 

2 Resembies male; forehead moderately broad, wider anter.. 
iorly than at vertex, densely covered with yellowish grey tomen- 
tum, brownish in centre; callus pear shaped, varying in shape 
and width. Palpi with second joint rather long, curved, rather 
slightly thickened at base. 7 

Hab.:—Tasmania, Bream Creek (G. H. Hardy, 18/2/18) ; 
Wedge Bay (G. H. Hardy, Ricavo: 5. Broni Is. (Dr? ‘Clagies 
Jan. 1916). 

The series before me shows great variation in the colouring of 
the abdomen; in many the dark markings on the abdomen are 
reduced to little more than a basal spot. 

From the g of T.brisbanensis (=T.regis-georgii) the pre- 
sent species differs in the more finely facetted eyes and in the 
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Text figure 2. Tabanus regis-georgii, Macq., 2? head and 
antenna. Specimen from Kendall, New South Wales. 

Text figure 3. Tabanus diemanensis, n.sp., 2 head and 
antenna. ‘ 
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differently shaped antennae, though in this last respect the series 
shows some variation. Females are harder to distinguish, as. 
a rule, however, the callus is longer and narrower than in T. regis-- 
georgii. Great variation is shown in this respect; in some the. 
callus is as broad as in many specimens of JT. regis-georgti,; in 
most, however, it is narrower and more elongate, while in some 
it is almost linear, and very different from the very broad rounded. 
callus of many specimens of. T.regis-georgiit. In general the 
Tasmanian species is darker, and more*hairy than the mainland. 
one, of which it is the island representative. 
Types in Australian Museum (presented by G. H. Hardy). 


{ 


TABANUS IMPERFECTUS, Walk. 


Walker, List. Dipt. 1, p. 179 (1848); Ricardo, Ann. Macq.. 
Nat. Hist. (8), XVI., p. 278 (1915); White, Roy. Soc. Tas- 
mania (Papers.and Proc.),,.1915, p. 11. 

Mr. Hardy’s collection contains six specimens of this species. 
from Hobart. Miss Ricardo states that Walker’s type was from. 
New South Wales; Walker himself, as noted by White, merely 
gave the habitat as New Holland, but as White has compared. 
the Tasmanian specimens with the type, their identity is cer- 
tain. I have never met with the species’ among the numerous 
specimens of Therioplectes I have had under examination from 
the mainland. The hairs are long and white on the eyes, much 
as in 7.antecedens, and the large frontal callus combined with. 
the small size will enable the species to be readily identified: In 
some specimens there is evidence of slight shading of the trans-- 
verse veins of the wing. 


TABANUS HOBARTIENSIS, White. 


Roy. Soc. Tasmania, Papers and Proc., 1915, p. 13. 
Specimens collected by Mr. Hardy at Hobart in December and’ 
january may belong to this species. They, however, all differ- 
in some details from White’s description; thus the forehead is. 
slightly narrower at the vertex than anteriorly, the thoracic 
pubescence is golden rather than white, and the knees, though: 
blackish, could hardly be described as “broadly black.” The. 
anal cell also is not closed right in wing margin, but is united’ 
to it by a short stem which, however, varies in length. 
As the specimens are, however, from the type locality of 
IT’. hobartiensis, I prefer to leave them under that name until 2. 
specimen can be compared with the type. 
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TABANUS TASMANIENSIS, White. 


White, loc. cit., p. 8. 

To this species I refer five specimens taken by Mr. Hardy on 
“Cradle Mountain, in January, 1917. They agree very well with 
Mr. White’s description, except that the abdomen is not “ un- 
‘usually broad and flattened.” 

The eyes are densely covered with long, whitish pubescence, 
much as in T.antecedens, frontal callus broad reaching eyes on 
either side, without any extension. Wuings with basal portions 
of veins-and cross veins suffused brown, the same colour also 
eccurring along the costal cell and at extreme base of wing. 

A male agrees with the females; eves contiguous, with white 
pubescence, facets uniform in size; frontal triangle dark grey 
with grey tomentum; vertex with long black hairs. \ 


EXPLANATION OF: PLA EES: 


PLATE: 


Pelecorrhynchus flavipennis, n. sp. 


PUATE bie 
Fig. 1. Tabanus latifrons, n.sp., head and antenna. 
1 ee = tasmanicus, 0. sp., ,, . oe 
7 hg se avitecedens, Walk... ,,--) &, “ 
aa = Passi, Nosp., AS “ y 
te i edentulus, Macq., _,, - Ws 
5 eee He dixoni,n. sp., se % i 


Postcript (added December, 1920).—Owing to the delay in pub- 
lication, additional information has become available in the 
case of certain of the species treated in the above paper. 
Pelecorrhynchus flavipennis, n. sp.—The allied species alluded 

to in the notes on this species has now been described as Pele- 

corrhynchus deuqueti, Hardy (Records ‘Australian Museum, 

XIII., No. 1, p. 38). This may be distinguished by the different 

coloured thorax, and the yellow legs. 

Erephopsis subcontigua, n. sp.—Additional localities, Marlee, 

near Wingham (C. F. Pfeiffer, Nov.-Dec., 1920); Dorrigo (T. 

Wright, Nov., 1920). 


Proc. R.S. Victoria, 1921. Plate L. 


get 


Proc, R.S. Victoria, 1921. Plate II. 
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Parasilvius, n.g—This genus is certainly distinct from Palim- 
mecomyia, of which I have examined the genotype. 

Tabanus regis-georgzi, Macq.—The synonymy of this species. 
has already been published (Proc. Linn. Soc., N.S.W., XLV., 
3, 1920., p. 466). 

Tabanus hobartiensis, White—A specimen has now been com- 
pared with the type, and the identification confirmed. 


[Proc. Ror. Soc. Vicrorra, 33 (N.S.), 1921]. 


Arr. I].— Description of a New Species of Corethra 


(Mochlonyx) from Australia. 


By. EE. W. FERGUSON, S03.) Ch xr 


(Read 1!th March, 1920. ] 


The sub-family Chaoborinae (Corethrinae) is poorly repre- 
sented in Australia, the only species previously recorded being 
Chaoborus (Corethra) queenslandensis, Theob. The discovery 
of a species belonging to the genus Corethra is therefore of special 
interest, particularly as the genus has hitherto been recorded only 
from the Northern Hemisphere. I have followed Brunetti (Re- 
cords Indian Museum, IV., 1911, p. 317) in sinking Mochlonyx, 
Loew, 1844, in favour of Corethra, Meigen, 1803. . 


CORETHRA AUSTRALIENSIS, Sp. n. 


Small, dark brown, legs yellowish, unbanded. | 

3 Head dark brown, clothed with greyish tomentum, brown- 
ish near base, with long somewhat scattered brown. hairs; palpi 
‘brown with brownish hairs, longer on basal joints; antennae 
plumose, brown, the basal part of each joint behind the whorl. 
-and the extreme apex white, the two apical joints entirely brown: 
hairs long, brown, set in whorls on.each joint, except the last 
two, on which the hairs are shorter, and which are also clothed 
with fine whitish pubescence. Thorax dark brown, with a nar- 
row median darker line; densely clothed with yellowish brown 
tomentum, more greyish posteriorly, and with scattered brown 
hairs. Abdomen dark brown, somewhat lighter at bases of seg- 
ments, with scattered brown hairs, a few yellowish ones inter- 
mingled; apical segment with lobes short, stout, rather strongly 
‘curved; venter with scattered yellow hairs. Wings hyaline, veins 
light brown rather thinly set with dark brown setose hairs, first 
fork cell one and a-half times the length of second, its base nearer 
to base of wing, the first cell two and a-half times as long as stem; 
posterior cross vein short,.about twice its length distant from 
‘mid-cross vein. Legs yellowish, with brown hairs, tarsi broken. 

* Agrees with male, with the usual sexual differences: An- . 
tennae with shorter whorls and lighter brown; palpi darker than 
antennae; head with rather conspicuous golden yellow hairs. 
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‘Thorax as in &, but with finer yellow hairs in addition to stouter 
brown ones. Abdomen brown, the posterior borders and sides of 
segments with long golden yellow hairs and shorter yellow ones 
elsewhere; venter with similar scattered hairs. Wings asin ¢& 
‘but posterior cross vein longer; the veins rather more hairy. Legs 
with first tarsal joint car sheen shorter than second joint. 

Dimensions :—¢ long, 4.5 mm. ? long, 4 mm. 

Hab. :—Victoria. 

The specimens described above were bred out ie Mn. how, 
Spry from larvae obtained at Nyora, Victoria, by Mr. J. Searle, 
and presented to the National Museum, . Melbourne, where the 
types will be found. 

I am indebted to Mr. Edwards of the British Museum for 
specimens of C. culiciformis, de Geer, the European species, for 
<omparison. From this C. australiensis differs widely in its 
smaller size, its darker colour, and its clothing, the European 
species being clothed with long conspicuous golden hairs, and hay- 
ing the wings much more hairy. 

C. cinctipes, the American species differs inter alia multa in the 
‘banded legs. 

A specimen in the British Museum collection labelled C. lap- 
ponicus, Bergroth, is a much larger and otherwise different species. 


[Proc. Rory. Soc. Vicroria, 33 (N.S.), 1921]. 


Art. Ill.—Florul Abnormalities in the Genera Eriostemon 


and Glossodia. 


By ISABEL C. COOKSON, B.Sc. 
(With Plate III. and 4 Text Figure.) 


[Read 13th May, 1920. ] 


l. Eriostemon. 


Specimens of flowers of Eriostemon obcvalis, Cunn., were found. 
in the early spring of 1919, which.even on superficial examination. 
had deviated from the normal form. These at first were found on. 
one bush only, but on that bush every opened flower was abnor- 
mal. When the same abnormality was also observed on three: 
other plants, all in close proximity to the one first found, I de- 
cided to collect material, an examination of which has led to the: 
following result :— . 


Occurrence and Nature of Abnormality. 


The plants occur in the Castlemaine district, in the hills which. 
’ lie between the townships of Chewton and Fryerstown. E. obov- 
alis grows well, and very abundantly in this area. Four abnormal 
plants in all were found. Two of these, about twelve feet apart,. 
are large bushes, evidently a few years old, whilst the remaining. 
two are smaller, and probably younger. Each of the latter is one 
foot from one another, and about two feet from one of the larger: 
plants. 

The fact that quickly drew my attention to these bushes was the 
unusual appearance of their flowers. These were slightly smaller: * 
than the normai, with petals more or less erect, in contrast to the 
expanded petals of the normal flower. The reason for this was. 
not hard to find, for even without the aid of a lens, a small out- 
growth containing pollen was seen to be present on the ventral. 
surface of almost every petal. In most cases the five petals were, 
all antheroid, but in others, one, two, or more were found to be. ~ 
without this structure. After the examination of a great num- 
ber of buds and opened flowers, three only were found to have. 
all their petais completely devoid of anther structure. 
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The normal flower of E£.obovalis has five somewhat strap- 
shaped petals, which are always fully expanded, exposing the two 
whorls of stamens to view. (Plate III., Fig. 3.) 

The typical abnormal flower also has five petals, similar in 
colour to the normal; these, however, never become fully ex- 
panded, but remain more or less erect, partially blotting the 
stamens from view. [ach petal has a distinctly waved outline, 
and the tip of the lamina is generally incurved, forming a little 
hood, as it were, around the anther, which is situated a little above 
the middle line, on its ventral surface. No other change is notice- 
able, the sepals, stamens, and carpels being the number charac- 
teristic of the genus. (Plate III., Fig. 2.) 

An extfeme type of abnormal flower, and one of far less fre- 
quent occurrence is figured on Plate III., Fig. 4. In this case ‘the 
lamina of each petal is modified to form a narrow filament-like 
structure, with a small expanded distal portion on which the 
anther is placed. It has been found, as is shown in Text figure 
1, that the degree of reduction of the petal is dependent upon the 
simplicity or complexity of the anther it bears. The complex. 
anthers here present will therefore account for the extreme modi- 
fication of the petals, to such an extent that the latter are hardly 
distinguishable from true stamens. This resemblance is further 
emphasised by the presence of short hairs on the filamentous por- 
tion of lamina, similar to those present on the staminal filaments. 


Structure of the Anther. 


For the examination of the structure of the petal and anther, 
microtome sections were used, all of which were stained with 
Delafield’s Haematoxylon. Petals from unopened buds have been 
used both for this purpose, and for .the examination of ‘the form 
of the anther and its relation to petal. This was done principally 
to facilitate obtaining complete drawings with the camera lucida, 
under a low power of the microscope, but also because of the 
greater abundance of buds than opened flowers in the material. 

The anther is very variable m form and structure—as all 
gradations are met with, from the simple unilocular to the com- 
plex quadrilocular condition. These stages are shown in Text 
figure 1, and may be summarised as follows :— 


4 
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’ 
Fig. 1.—StTaaes IN THE CoMPLEXITY ANTHER FORMATION. 


® 


Shows the_simplest stage~ of anther formation in which a single 
loculus is present. 

Translation stage from unilocular to bilocular condition. 

Bilocular anther. 

‘T'rilocular anther. 

Transition stage from trilocular to quadrilocular condition. 

Point at which dehiscence takes place. 

Cells rich in tannin. 
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In Plate III., Fig. 5, is figured a.vertical section of a young an- 
theriferous petal, the anther of which contains four loculi. Here 
the lamina is feebly developed, so that the whole structure, petal 
and anther, strongly resembles the appearance of a similar sec- 
tion of a normal anther. Pollen grains and a tapetal layer are 
present in each pollen sac. 

In Text figure 2, the section represented is one of a more 
mature petal. The tapetal cells have disappeared, whilst the 
mechanical elements of the anther are strongly developed. The 
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TRANSVERSE SECYION oF PETAL BEARING UNILOCULAR ANTHER. 


1. Lamina, 
t. Thick walled tannin-containing cells. 
anther is unilocular, and its fibrous layer is clearly seen. The 
cells in the region between the vascular bundle of the lamina 
and the anther have their walls considerably thickened. In fact, 
just before dehiscence the great majority of the cells of the petal 
have the annular and reticulate thickenings so characteristic of 
the mechanical tissues of anthers. Above and on either side of 
the vascular strands are large thick-walled cells, which contain 
tannin, and the cells of the upper epidermis also have thick walls. 
In the drawings of both sections the cell contents, such as 
‘Tannin and Hesperidin, so freely present, have been omitted. 
Dehiscence in the simple forms of anther takes place by means 
of a split, which develops at the distal end of the anther in such 
a way that a space is formed between the wall of the anther and 
the under epidermis of the petal. In this way the pollen, which 
is abundantly developed, and apparently quite normal, may be 
seen escaping. In the more complex forms of anther a longi- 
tudinal dehiscence takes place. 


Discussion, 


The only reference to any teratological abnormality in the 
‘genus Eriostemon, given by Penzig, in his “ Pflanzen Teratologie,”’ 
is one to a record by Dr. Masters!, of the occurrence of double 
flowers in E. obovalis. He writes as follows: “ Both specimens 
are remarkable as illustrating the occurrence of double flowers 
in Australia. , . . The supposed infrequency in such plants 
is due probably to imperfect observation rather than to absolute 
deficiency.”” This variation in the number of parts is indeed quite 


1 Gard. Chron., 1877, pt. 2, p. 726. 
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commonly met with, there being either an increase or decrease 
in the number. The parts of the corolla are the members most 
usually affected, but one specimen noted had the floral’ formula— 
KoCeAg +6Ge- 

Several examples of “ Staminody of the Corolla” are given. 
by Masters? and Worsdell?. As far as can be ascertained, how- 
ever, the occurrence of partial staminody of the corolla in the 
genus Eriostemon, has not been previously noted; this short ace 
count has therefore been’ deemed justifiable. 

The fact that more than one individual illustrated this occur- 
rence, and that two are obviously younger, and so probably the 
offspring of one of the larger ones, led me to think that this 
phenomenon might recur from year to year. Such has proved. 
to be the case, for an examination of this year’s buds has, in 
every instance, shown the presence of the abnormality above de- 
scribed. It therefore seerns quite possible that these characters. 
are those of a variety of E. obovalis, which has developed from 
the type as a mutant, but this fact can only be definitely deter- 
mined by further observation and experiment. 


2. Glossodia. 


In the spring of 1919 two anomalous specimens of Glossodia 
major, R. Br., were found, both of which were characterised by 
the possession of two labella, as well as an abnormal arrangement 
of the perianth segments. Mr. E. E. Pescott tell me that the 
occurrence of two or more labella in the genus Glossodia, and the. 
allied genus Caladenia, is of no very uncommon occurrence, a few 
specimens being obtained each year; but, as far as can be ascer-. 
tained, very little attention seems to have been given to these 
forms. 

Specimen A.—(Text fig. 3) the perianth segments are six* in 
number, the three outer calyx lobes being very similar to the two. 
lateral corolla lobes, in size, shape and colour. The median an-. 
terior petal is in the form of a labellum, or “ lip,” which is bulged 
and dilated, with the distal region purplish, tapering to a point. 
The labellum bears a blunt, yellow appendage. 

Specimen B (Text fig. 3) was collected by Miss S. Altman at 
Beaconsfield. It varies from the normal, firstly in the develop- 
ment of a median flat petal (p. 3), quite indistinguishable from 
the two paired petals, and secondly in the development of two 
quite Se labella, one on either side of the antero-posterior 


2 Vegetable Teratology, 1868, p. 298. 
3 Principles of Plant Teratology, 1916, vol. ii., pp. 153-156. 
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plane. Each labellum is quite similar in shape and colour mark- 
ing to that of the normal flower. Apparently the anterior corolla 
lobe, instead of being developed in the form of a “lip,” has be- 
come flat and petal-like, the two labella present being developed 
alternately with this structure, and hence the position of the two 
lateral stamens of the outer whorl. There is no evidence save 
their position to suggest that they are due to the modification of 

these two missing stamens. 
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A. Normal, B. and C. abnormal flowers of Glossodia major. 
s. sepaloid, p. petaloid segments of perianth. 


Specimen C (Text fig. 3) was found by the writer at Chew- 
ton, and, fundamentally, the abnormality is similar to the one 
above described. In the anterior region of the flower,-a flat 
petaloid expansion is situated, the apex of which is divided into 
three notches. At its proximal end, and in the median line, it bears 
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Fig. 4.—ANTERIOR CompouND LOBE OF SPECIMEN C. ENLARGED. 


s. sepaloid, p. petaloid components. 
a. appendave. 
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a small cylindrical outgrowth, which is fused with the petal-like 
structure for about half its length, the remaining portion being 
free. Two perfect labella are present, aiternating with the median. 
portion of the compound perianth segment. 

The interpretation is that the median lip is here replaced by a. 
flat petal, which has become fused with the two lateral sepals 
to form a single anterior compound lobe S,45,,P, The evi- 
' dence for this conversion of the lip to a flat petal, is firstly the. 
presence of three notches at the apex of the compound segment,. 
the median one of which suggests the anterior petal,-and secondly 
the presence of a rudimentary appendage, attached to the middle: 
region. If this view is taken, the two !abella which alternate: 
with the median segment are in the position of the two lateral 
stamens of the outer whorl. 


EXPLANATION OF PiZvie ie 


Fig. 1—Shoot of E. obovalis, showing abnormal flowers. 

2—An abnormal flower, slightly enlarged. 

3.—A normal flower, enlarged x 5. 

4.—An extreme type of abnormal flower, in which the 
petals are almost reduced to the condition of sta- 
mens. x 5. 

5.—Transverse section of petal bearing a quadrilocular anther- 
Pollen grains and tapetal cells are shown. 


Plate ITI. 
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l_—Area Dealt With. 


The area dealt with in this paper is roughly rectangular, and 
includes about 170 square miles. It is bounded on the east by 
the Sunbury to Lancefield railway, on the north by Mount Mace- 
don, on the west by Goodman’s Creek, and on the south by a 
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line from Sunbury to Coimadai. It includes the areas repre- 
sented by Quarter Sheets 6 SE., and 7 NW. of the Geological 
Survey of Victoria, and by portions of QSs. 6 SW. and 7 NE. 
The surveys for these sheets were carried out by C. D. Aplin 
and N. Taylor, under the direction of 97. A. R..C. Selwym 
Graptolites collected by the Survey parties were described and 
figured by Sir F. McCoy.? In an area so extensive, and in parts 
practically unsurveyed, there is room for division of opinion 
on geological questions, and our opportunities have not per- 
mitted as thorough an examination of all portions of the dis- 
trict as we could wish. For sufficient reasons, we have ex- 
cluded from this paper all detailed consideration of igneous 
rocks. The boundaries shown on the accompanying Sketch 
Map have been copied in the main from the Quarter Sheets, or 
from the map of Messrs. Skeats and Summers.? We ourselves 
have made few alterations in the actual boundaries, though we 
differ from the earlier maps in our classification of the rocks 
shown. 


i1|._—Previous Literature. 


During the last half century the area seems to have received 
scant attention geologically, except in so far as the northern 
portion has been included in an account of Mount Macedon by 
Messrs. Skeats and Summers.? While our investigations were 
in progress the Defence Department published two contour maps 
covering the southern portion of the area. Dr. C. Fenner’s paper 
on the Werribee River,®? though mainly concerned with the area 
to the south and west, is also of interest. Dr.°T. S. Hall* iden- 
tified graptolites from the Coimadai side of the district. 


111.—Nomenclature. 


As in many other parts of Victoria, the local names of streams 
and topographical features.in general do not always agree with 
those shown on the maps, nor are the maps always in agreement 
with each other. On the Quarter Sheets the main stream of 
the district is shown as the Saltwater or Macedon River; McCoy® 
refers to it as the Saltwater; the military sketch map of the 
Macedon and Lancefield District marks it the Macedon River; 
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above Gisborne it is often called the Gisborne Creek, and be- 
low Sunbury, the Jackson’s Creek, which is the name adopted 
by the Military Survey for its contoured plan, and will be the 
name used throughout this paper. 

The Pyrete Creek is unnamed on the Quarter Sheets, on the 
Geological Survey Map of Victoria, and on the county plan 
of Bourke. On this last plan its lower course is shown as the 
Coimadai Creek, which is the local name for that portion of 
it. On the Military Survey map the name is spelled Pyrett. On 
the county plan a small eastern tributary of the Djerriwarrh is 
called the Parrait. 

On the Quarter Sheets, east of the Gisborne-Melton Road we 
have, in order from west to east, the Toolam Toolern, Yangar- 
dook and Kororoit Creeks. On the county plan the first becomes 
the Toolerrn Toolerrne! On the military map it is abbreviated 
to Toolern Creek, its local name, while the Yangardook becomes 


-. €Condon’s Creek. . 


Broadbent’s “‘ Holiday Map,” which, though unofficial, is of. 
great help in the field, is very inaccurate as regards names in the 
Pyrete district. The upper Pyrete is not marked; the course 
of Goodman’s Creek and neighbouring streams, apparently copied 
from the defective county plan, are incorrect. Goodman’s Creek 
should flow south; the stream shown as the Cockatoo is known 
lecally as Cataract Gully, Cockatoo Gully being a smaller gully 
nearer Coimadai; while the name Durdiwarrh, borrowed from 
the Steiglitz district, is misapplied to the Djerriwarrh, and the 
Toolern Creek is called the Toolam Toolam. 

On OS. 6 S.E. the fossil locality at the mouth of Riddell’s Creek 
‘is shown as Ba 68, instead of Ba 67. McCoy® in referring to 
the same locality calls it “ Ba 67, Section 24, Parish of Bulla.” 
‘The outcrop in Section 24, Bulla, is Ba 68.’ 


1V.—Classification of Rocks in the Area. 
(a) Geological Survey Classification. 


From the account of previous work it will be seen that the 
“Geological Survey Quarter Sheets are geologically the chief 
guide for the greater part of the district, though we have availed 
ourselves of the Memoir of Messrs. Skeat and Summers in our 
work on the Macedon section, while Dr. Fenner’s Doe has also 
been of use. 


aa Dec. 2. pp. 10, 11, 12. G 
(3 Communicated by Mr. F, Chapman, A.L.S., National Museum. 
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Within the mapped area the Quarter Sheets show the follow— 
ing rocks, Macedon igneous rocks excluded. 
Ga.) Alluvium. 
(11) Upper Volcanic. 
(i11.) Newer and Older Pliocene. 
(iv.) Oolitic. 
(v.) Lower Siiurian. 
Of these the Lower Silurian would now be termed Ordovi- 
cian. The so-called Oolitic is the Kerrie Conglomerate. 


(b) Proposed Revised Classification. 


We propose the following classification : — 
(i.) Alluvium. 
(11.) Newer Volcanic. 
(i1i1.) Pre-Newer Volcanic Gravels. 
(iv.) Kerrie Conglomerate. 
(v.) Riddell Grits. 
(vi.) Upper Ordovician. Shales, slates and sandstones. 
(vii.) Lower Ordovician. (i R * s 
This classification differs from the earlier one in its division 
ot the Ordovician, in distinguishing the Riddell Grits as a dis- 
tinct geological phase, and in specifically indicating the Kerrie. 
Conglomerate. . 


V.—Physiographical Features. 


Physiographically the, district may be divided into two areas, 
western and eastern. The division line is the Djerriwarrh fault. 
line running south from Gisborne to the Djerriwarrh Creek, the: 
valley of which follows it for some distance. This fault de- 
termines the boundary of Upper and Lower Ordovician. Lower 
Ordovician rocks predominate in the western area, but are not. 
found in the eastern, which is for the most part covered with. 
basalt of the Newer Volcanic flows. Throughout this eastern. 
area are more or less isolated exposures of palaeozoic sedimentary” 
rocks, of which the oldest are Upper Ordovician. Upper Or-- 
dovician rocks do not appear west of the fault line. (Fig. 3). 

The stream development of the western area has been pro- 
foundly modified by the Djerriwarrh Fault, and the lava flows. 
from Mount Bullengarook and Hare’s Hill. As showing the 
pre-Newer Volcanic age of the Djerriwarrh Fault, it may be 
noted that it in no place dislocates the basalt, and, secondly, 
that in parts all trace of it has been obliterated by the infilling- 
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by basalt of valleys cut back from its scarp. Such infilled valleys 
occur north-west of Gisborne, near Slocombe’s Corner, and at 
the Glendoon Spur. (QSs. 6 SW. and 7 NW.) 

There is evidence that the Macedon platform was a definite 
geological feature at the time of the faulting, the throw seeming 
to diminish as it approaches Mount Macedon, while north of the 
Mount no dislocation is shown by the palaeozoic rocks, Lower 
Ordovician (Darriwil) graptolites being found at Woodend, east 
of Carlsruhe, and at Newham. 2 

While the evidence for the re-construction of obliterated 
physiography must of necessity be more or less inconclusive, it 
is probable that the history of the western area is as under :— 

(a) Previous to the Dyjerriwarrh Fault a stream—the 
“ancient Bullengarook ” of Messrs. Officer and Hogg 
—-rose north of Gisborne, and flowed south-west to- 
wards Bacchus Marsh. 

(b) The Djerriwarrh Fault reversed the direction of the 
portion of this stream west of Gisborne, so that a 
new local. watershed was formed near the present 
Mount Bullengarook. 

(c) On_ this Divide volcanic activity built up Mount 
Bullengarook and Hare’s Hill, which sent lava flows 
down the valleys to the north-east and south-west, 
forming the ridge now followed by the Gisborne- 
Bacchus Marsh Road, and also the outliers along 
upper Jackson’s Creek. 

(d) Erosion in post-Newer Volcanic times developed the 
present stream system. 

Further details will be given when treating of the eastern 
area. It may be noted that the northern and north-eastern slopes 
of the Bullengarook area are gradual, and are covered by wide- 
spread gravel deposits. The southern slopes, the Pyrete Ranges, 
consist of steep hills often 1600 feet above sea level, sloping 
steeply to valleys 200 or 300 feet below. Gravels are absent. 
‘The highest bed rock in the area is around Mount Bullengarook. 
Sediments outcropping on the Bacchus Marsh road on the north- 
western slope of the mountain are 1900 feet above sea level. 

The development of the drainage system of the eastern area 

is typically what may be expected on an extensive lava flow which 
has covered and obliterated the earlier river valleys. The higher 
portions of the watersheds project as hills, or have been exposed 
by vertical erosion. The position of these inliers indicates that 
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the pre-Newer Volcanic streams trended southerly, and were 
divided by north and south water partings. 

Following the main stream—Jackson’s Creek—northwards. 
from Sunbury, we find that it has cut down on to Upper Ordo- 
vician shales and Riddell Grits. From Lancefield Junction west- 
wards there are alternating outcrops of Newer Basalt and 
palaeozoic rocks—Upper Ordovician and Riddell Grits, the basalt 
representing the old valleys and the sediments the intervening 
watersheds. There is evidence that the older valleys were in. 
a mature state, and pre-Newer Volcanic gravels rest on their 
slopes in many places. Some of the earliex streams would natur- 
ally be larger than others, and in particular two large streams. 
indicated’ by the wider stretch of ‘basalt seem to have converged. 
from N.E. and N.W. to a confluence near Mount Aitken, and 
then to have *trended south between Mount Tophet and the 
Western Kororoit Creek. (See Fig. 2.) 

Proceeding west to the Djerriwarrh Fault, the most important. 
change, the reversal of the Upper Bullengarook to form por- 
tion of Jackson’s Creek, has already been referred to. The 
waters of this reversed stream, and of its original source north. 
of Gisborne R.S., would flow to the south through the Mount 
Aitken Gap. The Upper Pyrete, with its boat hook tributaries, 
probably flowed north at this period, and added its waters to the 
same stream. The main laterals of the Bullengarook lava field. 
were Goodman’s Creek and Cataract Gully. Goodman’s Creek. 
had scope for development, flowing over homogeneous rocks, but 
Cataract Gully found its activity limited by the resistent basalts. 
of Mount Bullengarook and Hare’s Hill. An eastern tributary 
better situated for erosion developed into the main stream— 
now the south-west reach of the Pyrete. This diverted the head. 
waters of the Glendoon Creek from the Dyjerriwarrh system, 
taking from it the reversed drainage which the Glendoon had 
captured from Jackson’s Creek. The history of the Upper 
Pyrete and its tributaries would thus be:— 

(a) They were formed by drainage flowing north to- 
Jackson’s Creek consequent on the reversal of the 
direction of the latter by erosion westward form the 
Djerriwarrh Fault. 

(b) They were captured by the Glendoon Creek, most 
likely after the volcanic outbursts, the southern grade 
being much steeper than the northern, partly owing 
to rejuvenation consequent on an east and west fault 
through Coimadai. 
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Ae) They were in turn captured from the Glendoon by 
air eastern tributary of, Cataract Gully, to form with 
this tributary the present Pyrete Creek, the erosive 
power of the Glendoon having been considerably 
lessened by the Mount Gisborne lava field. 

The following classification of streams may be interesting. In: 
. preparing it the authors have had the benefit of Mr. R. A. Keble’s 
co-operation, and have also used his paper on Lava Residuals.® 


Pre-Newer Basalt. - (a) Pre-Djerriwarrh - Bullengarook (infilled). 
Cycle Fault Eastern and western sub-has- 
: altic streams and tributa- 
ries (infilled). 
(b) Post-Djerriwarrk - Upper Jackson’s Creek (re- 
Fault versed portion of Bullen: 
garook (anfllled). 
Djerriwarrh. 
Glendoon. 
Slocombe’s (infilled). 
Upper Pyrete (originally flow- 
ing north). 
Several infilled streams. 


Newer Basalt Cycle - - - - - - Many streams obliterated by 


successive lava flows. 
Post-Newer Basalt - - . - - - Goodman’s Creek. 
Cycle Cataract Gully. 


South-west reach of Pyrete. 
Jackson’s Creek. 

Riddell’s Creek. 

All streams on Newer Basalt. 


Vil.—Lower Ordovician. 
: (a) Distribution and Fossils. 


Lower Ordovician rocks were found only to the west of the 
Djerriwarrh fault. They comprise sandstones, slates and shales 
and differ little in appearance from rocks of similar age in other 
parts of Victoria. The prevailing strike seems to be slightly 
east of north, as compared with a strike of slightly west of north 
in the Bendigo, Castlemaine and Daylesford districts. The 
easterly strike, however, prevails in the more southerly Steig- 
litz area. The predominance of sandstones, the covering of sur- 
face soil, the almost entire absence of artificial sections, and a 
troublesome cleavage, render the delimitation of graptolite zones 
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«difficult. Bendigo, Castlemaine, and Darriwil series are all typi- 
«<ally represented. The lowest beds seem to be those west of 
the Djerriwarrh Creek in the south-west,;of the mapped area. 
Beds, probably Middle Bendigonian, and lower than any previ- 
ously recorded from the district, are indicated by— 

Tetragraptus fruticosus (4-branched), J. Hall. 

Tctragraptus pendens, Elles. 

Phyllograptus cf. typus, J. Hall. 

Goniograptus thureaui, McCoy. 

Gonitograptus macer, T. S. Hall. 

Didymograptus similis, J. Hall, and others. 

Of Bendigonian age also are the rocks of the south-west bend 
of the Pyrete, though the presence of Didymograptus bifidus at 
-at some outcrops indicates the upper beds of the series just below 
the typical Wattle Gully (Lower Castlemaine) beds of Dr. 
‘Hall.2 The beds are in fact transitional between the Bendigo 
and Castlemaine series. 

Lower Castlemaine beds occur both east and west of these. 
“They were traced for some distance south on the western side 
of the Djerriwarrh Creek, then they outcrop in the bed of the 
stream, and finally cross it. These beds are of interest on ac- 
count of their nearness to Upper Ordovician shales—a point 
te be enlarged on later—and because in them we found a gas- 
teropod determined by Mr. Chapman to belong to the genus 
-Helicotoma, practically the sole representative at present known 
of the Victorian Lower Ordovician mollusca. The beds yielded— 

Didymograptus bifidus, J. Hall. 

Didymograptus caduceus, Salter. 

Phyllograptus cf. typus, J. Hall. 

Tetragraptus pendens, Elles. 

Tetragraptus serra, Brong. 

Tetragraptus quadribrachiatus, J. Hall. 

Clonograptus abnormis, J. Hall. 

Goniograptus crimitus, T. S. Hall. 

Rhinopterocaris maccoyt, Eth. fil. 

Helicotoma sp. 
‘The presence of D. caduceus with D. bifidus is unusual, but the 
two species are found together occasionally in the Castlemaine 
district and elsewhere. On the western side of the Bendigo beds 
_ we found in Cataract Gully— 
9. 8, pp. 69-70, 
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Didymograptus bifidus, J. Hall. 

Didymograptus caduceus, Salter. 

Phyllograptus cf. typus, J- Hall. 

Tetragraptus serra, Brong. 

Dichograptus octobrachiatus (juv.), J. Hall. 

Gontograptus crinitus, T. S. Hall. 
From Basin Creek, south of this last locality, Dr. Hall+® has re- 
corded graptolites belonging to the same zone. . 

Middle Castlemaine beds with Phyllograptus and D. caduceus. 
occur along the Upper Pyrete. 

Upper Castlemaine and Darriwil graptolites are found in many 
parts of the district, west of Glendoon Creek, on the Glendoon 
Spur, and at the new but now abandoned slate quarry south-west 
of Slocombe’s Corner, but particularly along Goodman’s Creek 
(Upper Castlemaine), in Cockatoo Gully, and between the 
Bacchus Marsh Road and Woodend. Along Jackson’s Creek,’ 
above Gisborne, slate bands are common. At localities like the 
old slate quarry on the creek north-west of Gisborne, a good 
collection of Upper Castlemaine forms may be obtained, while 
further down the creek near Ba 69 and Ba 71, and north of 
Ba 70, Lower Darriwil forms occur, the following being re- 
corded :— 

Didymograptus caduceus, Salter. 
var. manubriatus, T. S. Hall var. 
: s var. forcipiformis, Rued. var. 
Didymograptus uniformis, Elles and Wood. 
Didymograptus v-deflexus, Harris Ms. 
Oncograptus upsilon, T. S. Hall. 
Trigonograptus, sp. 
Diplograptus, sp. 
Goniograptus speciosus, T. S. Hall. 
Tetragraptus serra, Brong. 

From Ba 71 “on the east bank of the Saltwater River one 
mile north from the Bacchus Marsh Road,” Sir F. McCoy’s?? 
records— | 

Tetragraptus fruticosus, J. Hall, 

Phyllograptus typus, J. Hall, 

Dichograptus octobrachiatus, J. Hall, 
a perfectly consistent group indicative of the Bendigo series. 
Repeated search failed to reveal graptolites at the exact spot, 
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and Mr. F. Chapman kindly examined the Melbourne National 
Museum collection without finding any fossils from Ba 71. Sur- 
face wash may have obscured the outcrop, but field evidence 
leads us to doubt the occurrence of Bendigo beds at this particu- 
lar locality. All outcrops we have examined north of the Bacchus 
Marsh Road have yielded Upper Castlemaine or Darriwil species 
and these occur plentifully 200 or 300 yards north of Ba 71 along 
the line of strike. They also occur half a mile to the south. 
Outcrops, interesting on account of their field relations, their 
accessibility, and the representative nature of their facies occur 
along the railway line south and north of Macedon R.S. The 
southerly locality, Lower Darriwil, yields almost the same species. 
as Ba 69 and 70, i.e., the typical Oncograptus fauna. Lasio- 
graptus is also found. A continuation of these beds outcrops. 
in the Turritable Creek a short distance upstream from the cross- 
ing of the Upper Macedon Road. The northerly locality—in a 
cutting north of the 45 mile post—is Middle Darriwil, and, in 
addition to previously recorded forms, Cardiograptus morsus, 
Harris and Keble, is also common. Localities along the railway 
further north yielded few graptolites, and those found were in 
all cases referable to the Darriwil series. Similar graptolites are 
recorded from Allot. 1, Sect. Va, Newham, by Drs. Skeats and. 
Summers.?!? ; 
North and west of Macedon, and near the Campaspe -west of 
Woodend, there are several outcrops, all of which appear to be 
of Upper Castlemaine or Darriwil,age. At Ba 74, west of Wood- 
end, one of the commonest forms is a narrow Diplograptus, 
found also at Guildford, in the Werribee Gorge, and recorded by 
one of us!® as Diplograptus, cf. angustifolius. Along Goodman’s. 
Creek we obtained Upper Castlemaine graptolites from numer- 
ous outcrops, some of which may be on the same band of slate. 
From Cockatoo Gully we have recorded similar fossils, and, in. 
one case, Oncograptus upsilon, showing that the beds here ap- 
proach the Darriwil series. As in the case of the D. bifidus 
beds, our results here are in agreement with Dr. Hall’s record.!4 


(b) Structure of Area. 


It has been demonstrated that all the Lower Ordovician series. 
except the Lancefieldian are represented in the Gisborne district.. 


id 


50 7 Harris and Crawford : 


The distribution of the beds shows that the country between 
Slocombe’s Corner and Goodman’s Creek forms the arch of a 
geanticline. This is represented diagrammatically in Fig. 1. The 
prevailing dip in the east is westerly, apparently owing to in- 
version, as the Upper Ordovician rocks appear to dip below 
the Lower Ordovician. The sequence of graptolites denotes a 
prevailing northerly pitch. This may be partly due to faulting, 
in which case it would be necessary to assume a down-throw 
to the north or opposite to that of the larger faults further south. 
It is both possible and probable that faults, of which we have 
no knowledge, are responsible for the meagre development of 
Middle Castlemaine and Victoria Gully beds. 


Vil.—Upper Ordovician. 
(a) Distribution and Fossils. 


On the Quartersheets Upper and Lower Ordovician are both 
included in the Lower Silurian, but Upper*graptolites are re- 
corded by Sir F. McCoy from Ba 641° (on Jackson’s Creek near 
the mouth of Evans Creek), and from Ba 67!° (at the junction 
of Riddell’s and Jackson’s Creeks). With the recognition of 
Darriwil graptolites at Macedon the east boundary of the Lower 
Ordovician was brought within six miles of known Upper Ordo- 
vician beds. One of our tasks was to reduce this distance still 
further. Our plan was to work down Jackson’s Creek from Gis- 
borne, but fortune-favoured us at the outset, as we discovered 
Upper Ordovician graptolites in a “ wash-out,” or gulch, which 
runs from the Mount Alexander Road to Jackson’s Creek, at the 
south-east of Gisborne township. This discovery pushed the 
Upper Ordovician boundary about 30 miles west of the longi- 
tude of Melbourne. 

The Upper Ordovician rocks consist of hard quartzose bands, 
coarse and fine sandstones and shales. The shales range from 
black and carbonaceous to a pipeclay-white, and, except in the 
west of the area, are usually decomposed. All the Upper Ordo- 
vician rocks have been subjected to great pressure, to which 
they seem to have yielded more readily than the Lower Ordovi- 
cian. The hardest bands are often contorted, and are sometimes 
pinched out altogether. Slickensided faces are common. The 
slates in the bed of the Djerriwarrh are traversed by thousands 


i 1, Dec, 1,-pp. 10-12, 
ae, 1, Dec... 11, pp. 33, 34, 
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of minute faults, rarely with a throw of much more than an 
inch. 

Such is the nature of the Upper Ordovician rocks that it is 
usually difficult to collect graptolites sufficiently well preserved 
to enable specific identifications to be made with any confidence. 
Moreover, so varied are the appearances which a form such as 
Diplograptus can assume with different angles of compression, 
that even with favourable material diverse views may be taken. 
Lastly, except for generic purposes, the mere outline of the 
rhabdosome is of little value when dealing with Upper Ordo- 
vician graptolites. 

Collections at all extensive have been made from only a few 
outcrops. Most localities, however, are enormously rich in indi- 
viduals. Lists of identified graptolites from a few typical locali- 
ties will give some idea of the fauna. Ba 64, on Jackson’s Creek, 
north of Sunbury, yielded— | 

Diplograptus, spp. including forms with a dilated virgula. 
Climacograptus bicornis, J: Hall. 
. A i var. peltifer, Lapworth var. 
Dicranograptus ramosus, J. Hall. 
os zicsac, Lapworth, or D. furcatus, J. Hall. 
Dicellograptus cf. sextans, J. Hall. 
i cf. elegans, Carruthers. 
Glossograptus, sp. 
Leptograptus (?Y. 
The identification of the last genus is doubtful. Dr. Hall’ has 
recorded a Leptograptus from Lancefield, but recognised!® that 
it was not a typical member of the genus, and neither his figure 
nor description of L. antiquus seems to present the characteristics 
of the genus as described by English!® and American?° authori- 
ties. Leptograptus is elsewhere an Upper Ordovician genus and 
has been recorded by Dr. Hall from the Upper Ordovician shales 
of the Matlock district. | 

Ba 67, at the junction of Riddell’s and Jackson’s Creek, is won- 
derfully rich in beautifully preserved forms, so that one cannot 
but regret the absence of the Dicranograptidae. We record— 

Diplograptus—several species, one of which is very com- 
mon, and is recorded by McCoy?! (probably er- 
roneously) as D. pristis, Hisinger sp. 

17. 9, p. 166, Plate XVIL, Figs, 5 and 6. 

18. 10, p. 440. 

a 11, p. 104, 


20, 12, p. 260, . 
a) 1, Dec. 1, p. 11, Pt... Fig. 6. 
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Climacograptus, sp. 

Glossograptus, recorded by McCoy as Du¢plograptus 
mucronatus.?” . 

Nemagraptus (°). 

Cryptograptus tricorms, Carruthers. 

Pleurograptus, or an allied genus. 

Retiograptoid form. 

Didymograptus, sp—horizontal forms. 

Rhinopterocaris maccoyt, Eth. fil. 

Siphonotreta micula, McCoy. 


A third locality is the Gisborne “ wash-out,” already men- 
tioned. The shales here are white and light blue, slickensided, 
and decomposed. In some bands graptolites are plentiful, but, 
as might be expected, badly preserved; yet, strange to say, forms. 
showing distinct retiograptid structure were found. There 
occur— 

Dicellograptus sextans, J. Hall. “ 
3) cf. elegans, Carruthers. 
Diplograptus, spp. 
Climacograptus, sp. 
Glossograptus, sp. 
Didymograptus, sp. 
Nemagraptus gracilis, J. Hall. 
Retiograptus geimtzianus, J. Hall. ‘ 
Many of the other outcrops are indicated on the map. 

No attempt has yet been made to indicate graptolite zones in 
the Upper Ordovician rocks of Australia, nor has sufficient in- 
formation been gathered to warrant any detailed attempt. The 
difficulties encountered in identification have already been men- 
tioned. These difficulties, the poor state of the fossils, and the 
absence of the economic considerations which directed attention 
to the Lower graptolite shales of the goldfields, are responsible 
for the comparative neglect of richly fossiliferous beds within 
30 miles of Melbourne. The geological survey of Northern 
Gippsland? has already provided valuable material, and further 
work in that area may solve problerns for which nearer localities 
furnish insufficient data. We have found that the following 
distinctions seem to hold good throughout the district we have 
studied :— 


mm Ibid.-p. 10, p. 10, Pl. 1., Fig. 5, 
23. 13, p. 7 (Detailed references in footnote). 
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(I.) Beds without Dicellograptus and Dicranograptus, 
but containing Didymograptus, Diplograptus and 
Climacograptus. The Ba 67 outcrop is typical. Simi- 
lar beds occur on the Upper Djerriwarrh and else- 
where. 

(II.) Beds with the same species as (I.), but with Didy- 
mograptus rare, and containing Dicellograptus also. 
These outcrop at Gisborne, along the Djerriwarrh 
and Glendoon Creeks, and on the Toolern Creek. 

(III.) Beds differing from (II.) by the addition of 
Dicranograptus, as at Ba 62, Ba 64, Dalrymple’s and 
other-outcrops along Jackson’s Creek, and also along 
Evans Creek. 


‘The scattered nature of these-outcrops renders correlation diffi- 
cult, but we are inclined, on phylogenetic grounds, to arrange 
the beds as under :— 

Uppermost— 


(I.) Dicranograptus beds. 
(II.) Dicellograptus beds. 
(III.) Diplograptus-Didymograptus beds. 


Upper Ordovician records from other parts of the State,24 and 
from New South Wales,?® seem to show the same three zones, 


‘but throw no light on their stratigraphical relations. The absence 


of Dicranograptidae from Ba 67, the common occurrence of Glos- 
sograptus, Didymograptus and Cryptograptus, all forms found 
also in the Lower Ordovician, and the diplograptid characters of 
the commonest species of Climacograptus, are some of our rea- 
‘sons for placing this outcrop below the others. On the Toolern 
‘Creek a Dicellograptus is found, which is either D. Smithi, Rued., 
or closely allied to it. Dicellograptus smithi is cited by Ruede- 
mann’® as indicating the tendency of a Dicellograptus to develop ° 
Dicranograptus characters. If this be so, Dicellograptus beds 
would be expected below those containing Dicranograptus. In 
America and Great Britain Diplograptus and Climacograptus 
survive, as well as precede, the Dicranograptidae. They may 
therefore occur in beds above the highest given in the above 


table. From such beds Didymograptus would be absent. 


24. 13, p. 7 (Detailed references in footnote). 
25. 14. 
ae, 12, p. 109, et seq. 
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(b) Relation to Lower Ordovician—Critical Sections. 


As far as the writers are aware, there is no record of the ob- 
servation of the junction of Upper and Lower Ordovician in 
Victoria. Between Ba 67 and Ba 70, the nearest outcrops of 
Upper and Lower graptolite shales shown on the Quartersheets,. 
the distance is 74 miles. Our discovery of Upper Ordovician. 
fossils at Gisborne narrowed the gap to less than two miles. By 
making traverses further south we still further reduced this dis- 
tance, and finally succeeded in ascertaining the junction within a. 
few yards. The actual junction cannot be indicated, since, unless. 
one were to judge by lithological characters, there is no evidence 
by which Upper and Lower Ordovician unfossiliferous rocks. 
may be distinguished. Taken as a whole, Lower Ordovician. 
sandstones are unlike those of Upper Ordovician age, but the test 
is not one which can be safely applied to any limited outcrop. 
The shales are more distinctive, but cannot invariably be recog- 
nised by texture and colour. 

An account will now be given of some sections across the 
boundary line, commencing near the north of the area, and work- ‘| 
ing south. Om | 

(I.) From the extreme north of the district, Messrs. Skeats. 
aud Summers?’ record graptolites obtained near ‘“ Cheniston,” 
Upper Macedon. Dr. Hall referred these to the Darriwil series. 
In the same beds we discovered Loganograptus logani, confirm- 
ing the reference to Lower Ordovician. To the east of the Bar-. 
ringo Creek badly preserved graptolites were found in meta- 
morphosed shales. ‘Whether they were Upper or 774 Lower Ordo- 
vician could not be determined. North of Riddell’s Creek, fur- 
ther east, Diplograptus and Climacograptus were obtained. 

(II.) North of Gisborne township, a short distance upstream. 
from Cherry’s saw mills, Lower Ordovician graptolites occur. 
Arenaceous shales in the bed of an old channel of Jackson’s. 
Creek yielded— 


Didymograptus caduceus, Salter. 
Didymograptus, spp. 

Tetragraptus quadribrachiatus, J. Hall. 
Diplograptus, sp. 

Glossograptus, sp. 

Loganograptus, cf. logan. 


27. 4, p. 41. : 
27a. The discovery of Climacograptus bicornis, var. peltifer, Lapw. var., has since shown 
these beds to be Upper Ordovician. 
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Trigonograptus ensiformis, J. Hall. 
Cryptograptus tricornis, Carruthers. 
Phyllograptus, sp. 

cf. Thamnograptus. 

cf. Cardiograptus. 


This assemblage of graptolites presents several interesting fe 
tures. The association of Diplograptus with Phyllograptus is 
found elsewhere, as for example at Ba 29, Sect. 20, Newham, 
from which locality came some of the first Australian graptolites 
to be described.** The Newham or Cobaw outcrop is remark- 
able, an isolated patch of slate with well preserved graptolites in 
a soil covered and unfossiliferous area. Dr. Hall?9 recorded 
from it— | . 
Didymograptus caduceus, Salter. 

Diplograptus palmeus, Barrande. 

Glossograptus mucronatus, J. Hall. 

Tetragraptus quadribrachiatus, J. Hall. ? 

Phyllograptus typus, J. Hall. 

Goniograptus, sp. — 

Lasiograptus, Sp., 
and believing from his Castlemaine observations, that Phyllo- 
graptus disappeared below the Upper Castlemaine horizon,?° con- 
cluded that both the Darriwil and Castlemaine series were re- 
presented. His belief that Phyllograptus was not found with 
_Loganograptus was also probably responsible for the identifica- 
tion of Goniograptus instead of Loganograptus.?® There is no 
doubt whatever that the collection is quite homogeneous. -Phyllo- 
graptus, Diplograptus and Lasiograptus may be obtained on the 
same slab, and all the fossils are from one isolated band. One 
of us*! has shown in an earlier paper that Phyllograpius reap- 
pears in the Middle Darriwil, and it now seems probable that at 
may persist at some localities into the Upper Darriwil series. 
The finding of Cryptograptus tricornis and the common occur- 
rence of Diflograptus at the Gisborne outcrop, would place it 
very high in the Lower Ordovician, and it may be the highest 
bed yet recognised. Cryptograptus tricornis is elsewhere in Vkc- 
toria an Upper Ordovician form, but it occurs in Lower Ordo- 
vician pes. near Woodend; and at the “ Cheniston ” locality. 


eer land ‘15, 

Poo06, Dp... 126, 

ou, 7, p. 73 and. 10, pp. 441, 443. 
31. 18, Deer. 
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On the opposite side of the Mount Alexander Road, about 
400 yards downstream to the east, a submerged band of rotten 
blue slate yielded Diplograptus only, but exhaustive search was 
impossible. The nearest Upper graptolite beds are about half 
a mile eastward, though unfossiliferous shales closer at hand 
are probably Upper Ordovician... 

(III.) In Sect. 14, east of Gisborne Cemetery, decomposed 
blue shales gave Diplograptus. The age of the beds is unknown. 

(IV.) In the bed of the Djerriwarrh Creek, between Allots. 
4 and 5, Upper Ordovician graptolites occur. After crossing a 
basalt residual—the Glendoon Spur—Upper Castlemaine grapto- 
lites are found. The distance between the two outcrops is about 
500 yards, and basalt covers the junction. 

(V.) Upper Ordovician graptolites are found on the southern 
slope of the Glendoon Spur, and in the bed of the Glendoon 
Creek at its foot Diplograptus, Climacograptus, Cryptograptus 
and Dicellograptus occur, while the riage on the western side of 
the creek gave— 

Didymograptus caduceus, Salter. 
rs y, var. manubriatus, T. S. Hall, var. 
Didymograptus, horizontal species. 
Trigonograptus, sp. 
Gontograptus speciosus, T. S. Hail. 

A traverse here must cross the junction of Upper and Lower 
Ordovician. We made several trips up and down the Glendoon 
Creek, but are unable to find any structural break. The blue 
Upper Ordovician slates are succeeded upstream by green and 
brown arenaceous rocks. The softer and probably fossiliferous 
bands are poorly exposed. The first fossiliferous band above the 
Dicellograptus beds yielded only Diplograptus and Cryptograptus 
tricornis, Carruthers, and may be either Upper or Lower Ordo- 
vician, though we are inclined to regard it as Upper. In un- 
promising material further upstream we found the continuation 
of ‘the hillside beds, and obtained the same forms as from the 
hill, with the exception of Goniograptus speciosus, and in addi- 
tion— ‘ 

Didymograptus v-deflexus, Harris Ms. 

Oncograptus upsilon, T. S. Hall, 
indicating plainly the Lower Darriwil horizon. There are varia- 
tions of strike, but no clear line of division is indicated. As has 
been stated, the Cryptograptus shales between these Darriwil 
beds and the Dicellograptus slates down stream, may be Upper 


- 
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or Lower Ordovician, but in either case, the vertical distance 
between the Upper and Lower fossiliferous rocks can only be 
about 100 feet. 

The Dicellograptus shales outcrop downstream in the Glendoon 
(Creek for some distance, and are continued south in the bed of 
the Djerriwarrh. A cliff on the right bank of the Djerriwarrh 
yielded— 

Diplograptus. 

Climacograptus. 

Glossograptus, 

Dicellograptus, cf. sextans, J. Hall. 
Cryptograptus tricornis, Carruthers. 
Nemagraptus gracilis, J. Hall. 
Retiograptus, cf. geimitzianus, J. Hall. 

The next fossiliferous beds downstream yielded only a few 
specimens of Didymograptus caduceus after a long search, but 
the vertical distance between these Lower Ordovician beds and 
the Upper Ordovician cannot be greater than the interval be- 
tween two zones of the Lower Ordovician at a typical locality 
in a district like Castlemaine. A little further south, Lower 
Castlemaine beds are found. The graptolites, etc., from these 
have already been listed on page 47. We measured the distance 
from these beds up a small tributary to Dicellograptus beds, and 
found it to be abqut 100 yards. The same beds were also traced 
_ north along the western bank of the creek, to a point not far 
west of Upper Ordovician outcrops in the creek itself. This 
was as far south as our detailed observations extended; but, 
further south, Middle Bendigo graptolites were obtained from 
the bed of a western tributary of the Djerriwarrh, and Tetra- 
graptus fruticosus and Didymograptus bifidus were obtained 
from the Boggy Creek, west of Toolern Vale. 


(c) Summary. 


Nowhere was the actual junction between Upper and Lower 
‘Ordovician detected. The two series are undoubtedly uncon- 
formable, though the unconformity is not apparent in the field. 
It is difficult to imagine that Lower Castlemaine beds in one 
place, and Lower Darriwil, a little further north, are only a 
few hundred feet, or less, below Dicellograptus shales, unless 
they have been brought into that position by faulting, for there is 
nothing to indicate any great difference in the conditions of 
sedimentation at Gisborne, compared with those prevailing at 
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Bendigo, Steiglitz, or Castlemaine, and there cannot be the com= 
plete succession of beds between the D. bifidus beds and the 
Djerriwarrh Dicellograptus beds. The uniformity of the junc- 
tion—a line running nearly north and south for several miles— 
suggests that we are most likely dealing with a fault. The 
Djerriwarrh valley appears to follow the fault line for some dis- 
tance. All that can be said as to the age of the fault is, that it 
seems to be much older than the tertiary faults of the Werribee 
District. It is certainly pre-Newer Volcanic, and-so old that,. 
though it must have meant a considerable vertical displacement,. 
the contour of the area is not dominated by it, though its effect 
on the physiography has been important. The throw is probably 
small in the north, and increases southwards. The down-throw 
or eastern block seems to have pivoted on the Macedon platform, 
and the break in the continuity of the shales north of Gisborne is. 
probably small. 


Vill.— Riddell Grits. 
(a) General Survey. 


Two miles south-east of Gisborne, a small stream known 
locally as Watson’s Creek, crosses the Mount Alexander Road. 
On QOS. 7 NW. there is the following note on this ‘locality: 
“Hard gritty sandstone, grey .and pinkish-white, containing 
minute fragments of fossils, is used for road metal.” On some 
copies of OS. 7 NE. the word “ Fossils ” appears in white letters. 
on the coloured background south of Mount Holden, but it is. 
absent from others, probably of another edition. The absence of 
fossiliferous Ordovician sandstones of Ordovician age in Vic- 
toria, as far as we were aware, led us to examine the Watson’s. 
Creek outcrop carefully. The resemblance the rock bore to that. 
which occurs at Allot. 11, Kerrie, referred to the Upper Silurian 
by Mr. Chapman,*? was at once apparent, but the chief fossils 
were only casts of crinoid stems and obscure fragments of 
brachiopods. Our partial success led us to examine carefully 


So yl ena 

Norr.—While this Paper was in course of preparation, fossils were discovered. 
in Lower Ordovician grits or coarse sandstones at Castlemaine by Mr. A. L- 
Hopkins, at that time a student at the Castlemaine High School. The com- 
monest fossil has been identified by Mr. Chapman as an Orthis comparable with 
Orthis flabellulum, Sow. or O. pectinella, J. Hall. Trilobite remains, probably 
referable to Agnostus, also occur, while impressions of phyllocarids are common. 
The writers have discovered indeterminate brachiopod remains near the Cam- 
paspe River, west of Woodend, and it is probable that Ba 75, QS. 10 NE. refers. 
to a similar occurrence. All these outcrops are in the Castlemaine series. 
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every outcrop of sandstone and grit discovered. It was found. 
that rocks outcropping at numerous places in the district could 
ccnveniently be grouped together, and for convenience we have 
called the series the Riddell Grits. The undoubted Upper Ordo-. 
vician rocks have already been described—homogeneous .sand- 
stores and carbonaceous shales, usually finely laminated, and in. 
extreme cases weathering to a soft clay. The most promient 
beds of the Riddell Grits are of coarse sandstone and grit; in. 
some places, as in Jackson’s Creek, above “ Dalrymples’,” a gravel 
conglomerate. The bands are persistent, but within any band. 
the texture changes, passing from grit to a fine sandstone or 
quartzite, evidently the effect of currents during deposition. The 
grit bands are slickensided, and their outer layers often show 
bulges and channels where they have been forced into less re- 
sistant rocks. In the coarser grits there are smooth-lined cavities. 
resembling casts of fossils, but most likely caused by the removal 
by solution of small clayey patches. The grits are fossiliferous, 
but such is the nature of the rock, that well preserved fossils. 
are unobtainable. Brachiopod casts, occasional gasteropods,. 
corals, polyzoa, and most commonly the impressions of crinoid. 
stems, are to be found. Mr. Chapman very kindly examined a 
.large quantity of unsatisfactory material for us, and his iden-- 
tifications are given on-pages’ 69-71. 

With the grits, and in some localities, interstratified with char-- 
acteristic grit bands, are mudstones or shales, brown, rubbly, and. 
less finely laminated than the typical graptolite shales. There 
are also thin-bedded fine micaceous sandstones or arenaceous. 
shales. It will be seen that the Riddell Grits represent a more 
shallow water deposit than the Upper Ordovician rocks already 
deakt with. Determination of their age is fraught with difficulty. 
The following points have to be considered :— 

(1.) It is impossible to draw a sharp distinction between 
shales associated with the Grits, and normal Upper 
Ordovician shales, and the relation of the Riddell” 
Grits to the Upper Ordovician may depend on the 
relation of the shales of the two series. As in the 
case of Lower and Upper Ordovician, typical shales: 
of the two series differ greatly from each other, but. 

» no safe test can be applied to a limited outcrop. On: 
account of this difficulty, and because of the nature 
of the country, it is difficult to ascertain the field re-- 
lations of the Grits. 
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ii.) ~=Diplograptus-Climacograptus shales are interstrati- 
fied with the Grits (though naturally graptolites are 
hard to find), and remains of Diplograptus occur in 
the Grit itself at some localities. At one outcrop— 
on the Western Kororoit Creek—sandstones appar- 
éntly of the Grit series, yielded from thin, included, 
impersistent shales Dicellograptus, as well as Diplo- 
graptus. The sandstones in this case were not quite 
typical Riddell Grit, but we believe them to belong to 
that series. 

(iii.) The fauna of the Grits, other than graptolites, in 
Mr. Chapman’s opinion is Silurian, and even Yerin- 
gian (Upper Silurian). Mr. Chapman states: “ The 
fossils indicate a mid or newer Silurian horizon. As 
a distinct horizon of grits, I should say they were 
basal, and, from the fossils, basal Yeringian. The 
Leptaena is of a type only found in the Newer 
Silurian, as also the Encrinurus and cf. Eridotrypa. 
The faunal elements suggesting an older phase of the 
Silurian, are the abundance of Camarotoechia and 

7 Rhynchotrema.” 

(iv.) Though there is no evidence of the fact, the Grits ° 
may not be all of the same series. Mr. Chapman states 
that as far as the fossils go, there is no evidence of 
more than one horizon, and there is a remarkable 
similarity in the appearance of the Grits at. all out- 
crops. Still, at Springfield, east of Romsey, a litholo- 
gically similar band is interstratified with Mono- 
graptus shales. 


Having stated some of the difficulties of the questton we shall 
now proceed to discuss it. 


a (b) Field Relations—Cnitical Localhties. 


(1) Mouth of Watson’s Creek— Dalrymple’s.” 

Following Watson’s Creek to the north-east from the Mount 
Alexander Road, a walk of less than two miles brings one to its 
junction with Jackson’s Creek, which here swings in from the west 
through a narrow gorge in the basalt, meanders through a small al- 
Juvial flat, and then continues eastward, hugging the foot of a high 
northern bank. This is an interesting locality, though, like many 
critical sections, its interpretation is difficult. (See Fig. 2.) 


Sedimentary Rocks. 6F 


The first sedimentary rocks exposed upstream are Grits, strik-- 
ing N.40°W., and dipping to the east. Then comes a series of 
muddy grey shales, soft and decomposed, and as far as we cam 
ascertain, unfossiliferous. These are succeeded by a bluff of 
west-dipping sandstone with thin shale bands. The strike of 
these rocks is almost due north. Below the bluff, the section. 
is not as clear as one could wish, but a coarse Grit band seems. 
to run up into the hill to the north. Associated with it are rubbly 
brown shales or mudstones, such as are charactertistic of the 
Grit series elsewhere, and grey mudstones with pellets of gravel, 
seemingly derived from the coarse band. In the brown shales 
we find Diplograptus, and from the mudstone we obtained a. 
single small gasteropod.. The bed of the creek is littered with 
large angular fragments of grit. All these beds dip to the west, 
and there is a syncline between them and the first’ Grit men- 
‘tioned above. They strike more to the west than the sandstones. 
of the bluff. The grit in the bands here is usually coarse. It 
might be regarded as a light conglomerate, and joints or shear- 
ing planes have cut pebbles and matrix in a manner suggestive 
of the Kerrfe Conglomerate on a small scale. Among the debris. 
of landslides from the steep bank of the creek are blocks of 
Upper Ordovician shale, which yielded a small collection of fairly 
well preserved graptolites. The band from which they are de- 
rived is-to be found some height up the bank, but its relation to: 
the shales below is obscured by soil and debris. We obtained— 

Diplograptus, sp. 

Climacograptus, sp. 

Dicellograptus elegans, Carruthers. 

Dicellograptus complanatus, Lapworth. 
Dicranograptus furcatus, Hall, or D. ziczac, Lapw. 


The rubbly shales cross the creek to the south, where the Grit: 
bands stand out prominently in the bed of the stream. 

On the downstream side of the alluvial flat we come to con- 
torted rubbly shales striking at first N.10°W., separated by an. 
unconformity from normal carbonaceous Dicellograptus shales 
dipping west, and striking N.40°W. A grit band crosses the- 
stream further east, striking nearly north, but a soil covered 
flat separates it from the graptolite shales. To the north, a small’ 
tributary gully seems to expose only grits and Diplograptus- 
shales, the Dicellograptus shales passing under the hill. The 
strike of the grits as one descends this gully from west to east,. 
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varies from north-east to north, and the Diplograptus shales be- 
low them strike N.20°W. The dip throughout this section. 1s 
westerly, and the hil between the gully and the main creek shows 
nothing but grit, which seems to pass right over the Dicellograp- 
tus shales outcropping in the bed of Jackson’s Creek. 

This represents the most complete section, though it is incom- 
plete at critical points. South of the main creek a steep ‘‘ wash 
out ’’ descends to Watson’s Creek. The uppermost beds, below 
basalt, are arenaceous shales, apparently bent in a syncline. Be- 
low are grit, sandstones, and rubbly shales or mudstones, all ap- 
parently conformable, striking N. 10°W., and dipping west. Below 
the lowest grit band Diplograptus and (?) Dicranograptus fur- 
catus were obtained, but are very rare. In Watson’s Creek, to 
the southward, are rubbly Diplograptus shales, striking N. 10°E., 
and dipping west, succeeded after an interval, by a grit band 
which strikes N.10°W., and, if continued north, would pass 
through the “washout.” Two or three hundred yards to the 
south-west, just past a north and south fence, Dicellograptus 
shales outcrop, striking N.10°E., and dipping west, while still 
further upstream, decomposed shales, apparently of the Grit 
series, dip East, and strike N.20°W. Grit boulders litter the 
hill slopes to the south-west. The Diucellograptus shales last 
mentioned are almost certainly identical with those on the bank 
of Jackson’s Creek to the north, the graptolites of which are 
given in the list on pages 64, 65. Not only are the graptolites iden- 
tical, but the colour,-texture and lamination of both beds are 
identical and distinctive, not resembling those of any other 
locality with which we are acquainted. This is of importance 
in attempting a correlation of the rocks of the area. 

We have dealt with this area in fair detail, because it repre- 
sents perhaps the most intimate association of Grits and normal 
Upper Ordovician. ! 

Our interpretation of the features we have described is only 
provisional. We sum up our observations as follows :— 


1. Grits and rubbly Diplograptus shales are of the same series 
and are interstratified. 
2. The “wash out” section indicates— 
(a) A syncline in the Grits. 
(b) Dicranograptus in associated shales. 
‘We at first thought that there was evidence of an unconformity 
‘between the Grits and these shales, but further investigation leads 
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us to alter our opinion. The gap between Grits and Dicrano- 
graptus shales seems to be due solely to superficial debris. 

3. This syncline is also indicated in Jackson’s Creek, and by 
the occurrence of similar Dicranograptus-Dicellograptus shales 
on either side of the Grits. 

4. Grits occur further east, but their relation to those already 
mentioned is not shown. They also cover the hill in the north 
of Jackson’s Creek. 

Our conclusions are:— 

1. The Grit series here is in all probability Upper Ordovician. 

2. It overlies Dicranograptus shales. 

3. There is no evidence of normal Ulpper Ordovician grapto- 
lite shales overlying the Grits. 


(i1.) Lancefield Junction. 


The Grits outcrop on the western slopes of Jackson’s 
(Creek, south of Lancefield Junction, and compose the 
hills as far south as Evans Creek, but were not found 
immediately south of that stream. These hills are excep- 
- tionally barren, comparing unfavourably even with Lower Ordo- 
vician and Kerrie Conglomerate. ‘This locality will be dealt with 
in two parts—(a) the section exposed in the creek, and (b) the 
hills south of the creek. 

(a) Jackson’s Creek, south of Lancefield Junction—As Jack- 
-gon’s Creek comes from the west immediately before turning 
south at Lancefield Junction, Grit ridges appear on the right 
bank, and, if continued north, should cross the stream. Directly 
in the line of strike of these ridges, a low cliff forms the south 
Dank of the creek, and, viewed from the far side of the stream, | 
seems to be normal Upper Ordovician shales with a sandstone bar 
about the middle of the section, and it is so shown on QS. 6SE. 
The bank is almost vertical, and there is a deep pool at its foot. A 
false step may mean an undesired bath. Working from the west 
along this section we cross Diplograptus-Climacograptus shales 
_ dipping east and broken by faults. The sandstone band is typi- 
cal-Grit. Some feet wide at the top of the bank it rapidly nar- 
rows, and is less than a foot wide at water level, and probably 
‘does not extend much further. It is followed by vertical or west- 
dipping shales, which gradually turn over to the east. These 
shales yielded Diplograptus, Climacograptus and Glossograptus, 
and the main Grits overlie them. On top of brown shales comes 
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an eight or nine inch band of grit, then two feet of shale, and 
finally massive grits. 

The section is inconclusive on account of the absence of typi- 
cal beds immediately to the east. The shales of this cliff are 
certainly Upper Ordovician. It is our opinion that all the rocks. 
exposed belong to the Riddell Grits. If this be so, the Riddell 
Grits would appear to be Upper Ordovician also, nor would the 
position be altered if it should later be proved possible to separate: 
the shales from the Grit series. As to what lies above the Grits 
we have here no evidence. 

Further up the creek, Dicranograptus shales form a steep bluff, 
and after another break, we again find Grits interbedded with 
rubbly shales, with an occasional Diplograptus. Sandstones along 
this part of the creek also seem to belong to the Grits. 

As this is perhaps the most accessible, and one of the most 
critical localities for the relations of Grits and Upper Ordovi- 
cian shales the following references to QS. 6 SE. are given :— 

The ‘“arenaceous and micaceous light coloured shales and 


thin-bedded sandstones, 65-70°W, 25°S.,” near the mouth of a 


small eastern tributary are Dicranograptus shales. 


The bed rock across which this note is printed on the Quarter 


Sheet is Riddell Grit. 
The “shales 80°W., 10°S.” are Upper Ordovician, as are also 


the “cream-coloured and bluish-grey thin laminated shales and 


sandstones,” further north. 
The “bluish-grey and light coloured shales, middle bed sand- 
stone, 75°E., 15°N.;° are those just described in detail. The 


middle bed is Grit, and the eastern Grit band should be shown 


above the first letters of ‘ sandstone.” 

The “bluish-grey shales 50°E., 5°N.” are Dicranograptus 
shales. 

The “coarse, quartzose grit, E. 30°N. and E. 40°N.,” are the 
Grits referred to as interbedded with rubbly Diplograptus shales. 

Grits occur also near the western limit of the bed rock area 
shown. The section is not continuous, as would be inferred 
from the Quarter Sheet, for between the various outcrops the 
bed rock is obscured by basalt or the wash from it. 

The “white sandstone E. 65°S.” is interstratified with car- 
benaceous shales, which yielded— 


Diplograptus, sp. 
Climacograptus bicornis, J. Hall, 
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Dicranograptus nicholsoni, Hopkinson. 
Dicranograptus furcatus, Hall, or zic-zac, Lapw. 


The “purple grey shales” at the mouth of Riddell’s Creek 
are at the locality Ba 67, and are Upper Ordovician. 

(b) Lancefield Junction, south and west of Jackson’s Creek.— 
We have already mentioned the Grit hills which lie between 
Lancefield Junction and Evans Creek. Two ridges, composed 
of Grit, run almost north and south, converging towards the 
south. Each ridge represents a massive band, or series of bands, 
of grit, with fragments of which their summits and slopes are 
littered. The strike of the more westerly bands is about N. 20°W., 
and the dip east, so that the convergence of the two ridges 1s 
probably due to an actual convergence of two bands of grit, or 
of the same band on opposite limbs of a syncline pitching north 
from Evans Creek. If this view be correct, the western limb 
would be represented by the faulted band in Jackson’s Creek, 
while the eastern limb would be indicated by the low outcrop 
exposed east of this, the limbs being represented by the 75°E. 
fh.,.and the 73-85°W., 12-15°S., of OS. 6 SE... Such a pitch- 
ing syncline would also explain our failure to find Grits between 
Sunbury and Evans Creek. In the small creeks which drain 
these Grit ridges bed rock is rarely exposed, with the exception 
of the more prominent grit bands, but in a few places the streams 
have worn down on to brown rubbly mudstones or shales. One 
such outcrop directly between the two ridges, and on our sup- 
position above them, yielded Diplograptus. 

Near the head of Evans Creek Grits outcrop also. The strike 
is N.6°E. They are not seen in contact with the Dicellograptus- 
Nemagraptus shales downstream, which appear unconformable 
with them and below them. A north and south continuation of 
these last bands would take one to the “ quartzose grits’ on Jack- 
son’s Creek (QS. 6 SE.), and to the Grits of Mount Tophet and 
The Gap. 

The area between the Jackson’s Creek section described in 
(a), and Evans Creek, represents the largest continuous ex- 
posure of Riddell Grits in the district. A study of OSs. 6 SE. 
and 7 NE., or of the military map of Sunbury, will show the 
“two ridges running south towards Evans’ Creek, separated by a 
north and south valley. Following the creek south from Lance- 
field Junction, all the rocks exposed in its bed as far as due 
west of the 28 mile post on the railway are Dicranograptus shales 
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striking slightly west of north, and dipping west. Then in the 
river, sandstones and brown rubbly mudstones are exposed, un- 


fossiliferous, but seemingly of the Grit series. Further south, at . 


the bend from south to east, north of Ba 64, a heavy fossiliferous 
Grit band crosses the creek, dipping west, and forming a small 
waterfall. Below it are conformable rubbly mudstones and 
shales, and then, atter a space, we come to the Dicranograptus 
shales of Ba 64 striking almost due north, and dipping steeply 
to the east. 

Ascending the valley cf Evans Creek, the first rock exposed 
is an isolated exposure of grit, apparently the projecting top 
of an almost completely buried grit band. About 500 yards up 
from the river an easterly grit band crosses “Evans Creek. 
Upstream from this there are numerous sandstone and _ shale 
bands, but no fossils were obtained from any of the sandstones, 
although there seemed to be no unconformity between them and 
the Grits to the east. A little over a mile upstream, the charac- 
teristic Dicranograptus shales appear. The shales in the interval 
are so interstratified with hard sandstones, that no detailed ex- 
amination of them could be made. Diplograptus and Glosso- 
graptus were obtained from one band. | 

This area again gives no information about beds overlying 
the Grits. In the apparent syncline between the two Grit ridges 
the shales which there seem to overlie the Grit bands are most 
likely portion of the same series. 


(ii1.) Conglomerate Creek. 


At the junction of Conglomerate Creek with Riddell’s Creek 
Grits and Diplograptus shales are seen to underlie the Conglom- 
erate. The Grits here lie above and to the east of the shales 
which yielded Diplograptus. In spite of the differences of strike 
and dip, it is possible that the shales here may belong to the Grit 
series. The shales dip east, and strike N. 10°W., while the Grits 
dip west, and strike N.: 1O°E. A band of Grit with the same 
strike runs up the slope towards the house on the spur, while 
further east are arenaceous shales. (See Fig. 3.) 


(iv.) Bracken Gully. 


In a small gully west of Conglomerate Creek Grits appear to 
pass under the Kerrie Conglomerate. The Grits outcrop in the 
floor of the gully. As the stream is followed northwards, a 
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small waterfall is reached. The lower four or five feet are Grit. 
Above lie impersistent layers of shale, and then the main mass 
of the Conglomerate. The Grit at the junction is penetrated by 
quartz veins, one of which in the base of the Conglomerate shows 
slickensides, the direction of movement being almost vertical. 
The shales on the hillside to the west yielded numerous speci- 
‘mens of poorly preserved Diplograpti, and similar fossils are 
found lower down the gully. The strike of the Grits and their 
relation to the shales at this locality could not be determined. 
Still further west, Grits appear at the creek level, while, higher 
on the slopes is the Conglomerate. A gully to the west shows 
thick bedded shales or mudstones forming, as it were, a pave- 
ment in the creek. 


) (v.) Sandy Creek Road. 


- On the Sandy Creek Road, near Allot. 76, a small cutting 
shows quartzose Grits, overlying Dicellograptus shales not quite 
«ccnformably. 


(vi.) Western Kororoit Creek. 


South of the Grit outcrop at Watson’s Creek on the Mount 
Alexander Road are other Grit outcrops—on the Eastern 
Kororoit Creek, north-west of Mount Aitken, north of the West- 
ern Kororoit Creek (Allots. XXVI.-XXVIII.) and along the 
same creek near where the parishes of Buttlejork, Yangardook 
-and Holden meet. | 

Near the mouth of the small stream from Allot. XIX., Gis- 
borne, are bluish Dicranograptus shales striking between E. and 
N.E., a most abnormal strike for this district, and dipping 65°N. 
North and south of these shales, not seen in contact with them, 
but apparently deflected by them, are sandstones with thin shale 
bands. The strike some 100 yards down stream is N. 20°W., but 
it changes further north to N. 18°E. The dip is steeply to the 
east. The sandstones contain brachiopods and the shales, Diplo- 
graptus and Dicellograptus, though graptolites are rare, and the 
shales are not such as would be expected to contain graptolites at 
all. Thick bedded sandstones outcrop further upstream, and 
along the Buttlejork tributary a vertical Grit band, striking 
N. 15°W., is succeeded by normal blue-black Dicellograptus 
shales which, at first vertical, turn and dip east at a high angle. 
Unless the beds are inverted we have here the only case where 
Grits appear to underlie Dicellograptus shales. This Grit band 
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is responsible for the south bank of the stream being littered! 
with angular fragments, which yielded crinoid remains, brachio-- 
pod fragments, polyzoa, and, strange to say, Diplograptus. 


(vii.) Other Localities. 


On the Romsey Road (Sect. 11, Kerrie) the Grits and asso-- 
ciated shales are alone visible. (See Fig. 3.) 

At the head of Evans Creek, Grits outcrop, and have al-- 
ready been mentioned. Their relation to Nemagraptus—Dicello- 
graptus shales lower down the creek is not clear. If massive 
sandstones just upstream from the shales belong to the Grit series. 
the two are in all probability unconformable. 

Other areas of Grit occur near Mount Holden, south and. 
west of Red Rock, and at The Gap and Mount Tophet. South- 
west of Mount Tophet we get Diplograptus-Climacograptus 
shales, but their relation to the Grit is not evident. They may 
be its associated shales. 

The close relation of the Grits to the normal Upper Ordovician. 
‘will be at once seen from the following summary :— 


tT, “Dalrymple’s” = - . 

(a) “ Wash-out” Grits apparently bent in syncline overlying 
Dicranograptus shales. Dip and strike: 
in agreement, and beds apparently con- 
formable. 

(b) Jackson’s Creek Grits apparently overlying Dicranograptus 

= shales. Faulting. Junction not seen. 

(c) South of “Wash- Diplograptus shales in creek, then Grit band 


out” and, after a considerable  space,. 
Dicranograptus shales. Relations not. 
shown. 


-II. Lancefield Junction - 

(a) Jackson’s Creek Grits apparently overlying conformably 
‘ Diplograptus shales and faulted with. 
them. 

(b) South of (a) Grits apparently forming syncline, overly- 
ing Dicranograptus shales. Junction not 
observed. On west passing to normal 
Upper Ordovocian without any ob- 


served unconformity. 


ITI. Conglomerate Ck. and Grits and Diplograptus shales apparently 
Bracken Gully - - folded together. Some difference in 
strike. 
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TV. Sandy Creek Road ~- Grits overlying. with some unconformity 
Dicellograptus shales. 
V. Western Kororoit Ck. - 

(a) Easterntributary Vertical Grits apparently conformable with 
Dicellograptus shales and seeming to 
underlie them. The high angle-of dip 
makes deductions unreliable. 

(b) Main stream Thick-bedded fossiliferous sandstones and 
Dicellograptus shales unconformable 
with Dicranograptus shales. 


The Riddell Grits—coarse and fine sandstones, with associated 
Diplograptus shales, usually rubbly—seem everywhere to be 
closely associated with Upper Ordovician shales. On the field 
evidence, and on the evidence of their graptolites, they might 
well represent a shallow water phase of the Upper Ordovician. 

There is no doubt that the Grits overlie Dicranograptus shales, 
apparently conformably. _ With the exception of the outcrop 
along the Western Kororoit Creek, there is no evidence of beds 
overlying the Grits conformably. Since along the Djerriwarrh 
‘Creek Upper Ordovician shales seem to pass below Lower Ordo- 
‘vician rocks, the result of-faulting or overfolding, it is unsafe 
to generalise and state that the Grits are interstratified with the 
normal Upper Ordovician shales. The absence of overlying 
beds throughout most of the area lends considerable weight to 
the theory that they represent the last phase of the Upper Ordo- 
~-vician, and mark the beginning of the change to the shallower 
~water conditions which prevailed during the Silurian period. At 
any rate, the presence of Dicranograptus below the Grits would 
seem to place them well up in the Upper Ordovician. 


(c) _ Fossils other than Graptolites. 


Fossils are abundant in the Grits, but are poorly preserved as 
«casts. Mr. F. Chapman, A.L.S., of the National Museum, Mel» 
dourne, has identified the followings forms :— 

(I.) “ Dalrymple’s,’ North-west of Red Rock, Gisborne. 

(?) Plasmopora. 

cf. Stylaraea. 
4.?) Fenestella. 

cf. Eridotrypa. 

Leptaena, sp. 

Orthis, sp. 
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cf. Rhynchotreta: 
Camarotoechia, sp. 
Spirifer, sp. 
cf. Loxonema. 
cf. Pleurotomaria. 
Heliolites sp. near H. megastoma, McCoy. 
(?) Heliolites or allied form. 
(?) Rhynchonellid. 
(?) Cannapora. 
(?) Conchidium. 
(?) Monticuliporoid. 


The species of Heliolites is distinct from the usual form found 
in the Yeringian in having the siphonopores feebly developed. 
and the autopores crowded. 


(II.) South of Red Rock, Gisborne— 
cf. Eridotrypa. 
Pseudocrinites sp. (food-groves, casts), seven specimens. 


(III.) South-west of Lancefield Junction— 
Coral (probably belonging to the Chaetetidae). 
Rhynchonellids, indet. 
Orthts (?) sp. (of the Platystrophia type). 
-(IV.) North-west of Mt. Aitken, Gisborne— 
Polyzoa, indet. 
Leptaena sp. 
Camarotoechia sp. 


(V.) Watson’s Creek, Mt. Alexander Road, Gisborne— 
cf. Monotrypa. 

(?) Rhynchotrema. 
Rhynchotreta sp. 
Camarotoechia sp. 


(VI.) Allot. 11, Kerrie, Romsey Road, Riddell— 
Polyzoa, indet. 
Leptaena sp. 
Orthts sp. 
Camarotoechia sp. 
Rhynchotremea sp. 
Atrypa sp. 
Encrinurus sp. 
cf. Rhynchotreta. 
Cyrtolitid Bietiasa (cast). 
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(VII.) Upper Western Kororoit Creek— - 
Polyzoa, branching form. 
Crinoid, columnar, and impressions and moulds of crinoid 
arms. 


Mr. Chapman adds: “The Fossils indicate a mid or newer 
Silurian horizon. As a distinct horizon of grits, I should say 
they were basal, and, from the fossils, basal Yeringian. The 
Leptaena is of a type only found in the Newer Silurian, as also 
the Encrinurus, and cf. Eridotrypa. The faunal elements sug- 
gesting an older phase of the Silurian are the abundance of 
Camaratoechia and Rhynchotrema.’ These identifications were 
made at an early period of our investigation, and represent the 
more obvious features of the fauna. Since they involved a dis- 
tinct break between Grits and Upper Ordovician, and the field 
evidence pointed to a close connection, a more thorough search 
was instituted, resulting in the discovery of Diplograptus re- 
mains in the Grits themselves, and of Diplograptus and Climaco- 
graptus in shales interstratified with them. These fossils are 
rare, many hours of search resulting in the discovery of less 
than half-a-dozen specimens, but that they are typical is shown 
by their widespread distribution. They were found at “ Dal- 
rymple’s,’ Lancefield Junction, Watson’s Creek, and the Western 
Kororoit. This led us to transfer to the Grit series Diplograptus 
shales which we formerly considered distinctly Upper Ordovi- 
- cian, but which are of coarser texture, and more rubbly than the 
normal graptolite shales, and which are closely connected with 
grit bands. Since such shales had yielded Dicranograptus at 
“Dalrymple’s,” it was of importance to determine their relation 
tc the Grits. This junction is obscured by soil, but after care- 
ful search, we are of opinion that shales. and grits are here con- 
formable. | 

We have also Messrs. Skeats and Summers’ accounts of re- 
sorted Kerrie Conglomerate pebbles in Lower Silurian mud- 
stones at Springfield. ,These mudstones are portion of a series 
which contains grits like the Riddell Grits in texture and frag- 
mentary fossils, but which is Silurian, Monograptus occurring 
iz shales above and below it. 

We assume, as will be shown later, that the Riddell Grit is 
older than the Kerrie Conglomerate, and, if we adopt Messrs. 
Skeats and Summers’ theory of the origin of the Springfield 
pebbles, then the Riddell Grit would be not later than the Lower 
Silurian. 
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(d) Summary. 


For the sake of clearness we shall recapitulate our results :— 

(1) The Riddell Grits are a series of sandstones, grits, mud- 
stones, and shales, the shales being typically more rubbly than the 
common Ordovician graptolite shales, and differing in colour 
and texture. 

(2) The associated and interstratified shales contain Diplo- 
graptus and Climacograptus, and shales, seemingly of the same 
series, yield Dicranograptus at one outcrop, and Dicellograptus at 
another. 

(3) The brachiopods, corals and crinoids obtained from the 
Grits present a mid or newer Silurian facies, with an admix- 
ture of older forms. 

(4) The Grits seem to overlie normal Dicellograptus-Dicrano- 
graptus shales, but have not been seen interstratified with such 
shales. 

(5) The Grits underlie the Kerrie Conglomerate north-west 
of Riddell. 

Our conclusions are as follow :— | 

(1.) The Grits, with their associated shales, etc., represent a 
shallower water series than the normal Upper Ordovician grapto- 
lite shales. 

(11.) They are probably of Upper Ordovician age, and since 
they overlie Dicranograptus beds, are = BEOP ay late RPS Ordo- 
vician. 

(i11.) From (a) their resemblance in texture, etc., to that of 
Silurian rocks as at Springfield, and (b) the absence of unmis- 
takably overlying Upper Ordovician rocks we think it probable 
that the Riddell Grits were formed towards the close of the 
Upper Ordovician, probably during differential movements, 
which closed the Ordovician, and ushered in the Silurian. In 
placing the Grits as Upper Ordovician, we emphasise their grap- 
tolite fauna more than the brachiopods and other forms. Diplo- 
graptus and Climacograptus range into the Lower Silurian, but 
Glossograptus, Dicranograptus and Dicellograptus do not. Still, 
the only graptolites found in undoubted Grits have eee Diplo- 
graptus and Climacograptus- 


Sedimentary Rocks. 73 


IX.—Kerrie Conglomerate. 
(a) Field Relations. 


Messrs. Skeats and Summers** have drawn attention to the 
difficulty of understanding the relation of the Kerrie Conglom- 
erate to neighbouring rocks. For descriptions of the Conglom- 
erate reference should be made to their memoir or to Mr. Hart’s 
paper. Messrs. Skeats and Summers** state that “it is probable 
that a line marking the western extension of the Conglomerate 
would indicate the junction between Upper and Lower Ordo- 
vician rocks in this area,’ and in another place mention®® that 
the Conglomerate “overlies apparently unconformably shales 
from which no fossils were obtained.” They state that the Con- 
glomerate is in their opinion basal Upper Ordovician. In the 
absence of fossils any opinion was necessarily tentative. The 
shales are brown and light blue, and very rubbly. There are 
occasional narrow dark blue bands. In these respects they are 
unlike the Lower Ordovician shales with which we are acquainted, 
‘but closely resemble Upper Ordovician shales on Jackson’s Creek. 
We had found that at the latter outcrops, graptolites occurred in the 
dark bands, and carefully splitting a dark band at Conglomer- 
ate Creek, we obtained several specimens of a Diplograptus re- 
ssembling those found at other Upper Ordovician outcrops. At 
two localities further west similar graptolites were obtained. 
' “These shales cannot be referred to beds below the Upper Ordo- 
vician. The shales apparently underlie the Conglomerate,: which 
outcrops further up the hills. 

Messrs. Skeats and Summers also refer to Emu Creek, a 
locality to the north-east of the area discussed in this paper. They 
eee On ‘the Emu'Creek*in Allot: 48a, Parish’ of’ Kerrie; 
another find of graptolites was made; Dr. Hall identified Diplo- 
graptus foliaceus and Dicellograptus elegans. The beds dipped 
at a high angle downstream in a south-easterly direction, and 
again the Kerrie Conglomerate occurs only to the west and north- 
‘west of these beds. A short distance upstream from the point 
where the graptolites occur the conglomerates occur in situ dipping 
downstream, and conformable with sandstones overlying them. 
Above this shales come in and further upstream conglomerates 
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once more appear in force.” They add?" that “it would be pos- 
sible to regard the conglomerates as unconformably and overlying 
the Upper Ordovician shales, or as being conformable and under- 
lying the beds which contain the graptolites.” They adopt as. 
the more probable view “ that there is one marked band of con- 
glomerate repeated in Emu Creek by faulting or folding, and 
that it underlies the Upper Ordovician shales. Probably it forms. 
the basal member of that series, and rests unconformably upon 
the Lower Ordovician series.” At two localities where we ob- 
served the conglomerate coming almost to the water’s edge in 
Emu Creek, it seemed to us to rest upon the upturned edges of 
shales, almost certainly the same as those which further down- 
stream yield Upper Ordovician graptolites. At the second out- 
crop the shales were so nearly in contact with the conglomerate 
that we tried, though unsuccessfully, to clear the loose boulders. 
and expose the junction. Our conclusion is that at Emu Creek, 
as at Riddell’s Creek, the Kerrie Conglomerate is younger than. 
Upper Ordovician graptolite shales. 


(b) Age of the Kerrie Conglomerate. 


The Conglomerate has been stated to consist of rounded’ 


boulders and pebbles of quartzite, and it would be difficult to. 
imagine a more unpromising rock in which to search for fossils. 
That fossils occurred in it seemed at first probable, since Ba 73,. 
near the mouth of Conglomerate Creek, refers to “a pebble from 
the conglomerate.’ It soon appeared that this fossil was most 
likely obtained from the Grits, which outcrop at this spot, but. 
which were not recognised by the Geological Survey. In spite 
of the unpromising nature of the Conglomerate, we were suc- 
cessful in finding fossils in it. In fact, west of Conglomerate: 
Creek, loose boulders of Conglomerate can be obtained which 
would be mistaken for Grit were it not that the matrix is shown 
iu many instances. The fossils are the same brachiopod and. 
crinoid fragments, and it seems probable that the Conglomerate 
here is composed partly of waterworn pebbles from the Riddell 
Grits. Pebbles can be obtained from the Conglomerate, which 
show every gradation of fineness shown by the Grits. Elsewhere 
the Conglomerate seems to have been derived mainly — the: 
quartzose bands of the Upper Ordovician. 


SiaeeoDp, cit. p, 42. 
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Our conclusion is that the age of the Conglomerate depends 
upon the age of the Riddell Grits, which, as we have already 
stated pass under it, and in part at least, seem to have provided. 
the material of which it is formed. We have set out the con-. 
siderations which lead us to postulate a late Upper Ordovician 
age for the Grits, and it seems to us probable that the Conglom- 
erate may be a basal Lower Silurian deposit. This would not. 
be inconsistent with the enclosure of resorted material from it in 
Lower Silurian mudstones as reported from Springfield.2® (See: 
Pies, 2 and 3.) 


X.—Tertiary Gravels. 


Scattered throughout the district are deposits of river gravel. 
In many cases they have been metamorphosed by the action of 
the Newer Basalt flows which covered them, and show all grada- 
tions from a comparatively loose gravel, such as is found on the 
gold-fields, to a homogeneous quartzite, in which all trace of 
individual pebbles has been lost. The gradual change is well. 
shown near the junction of Riddell’s and Jackson’s Creeks. The 
lowest gravels are hardly consolidated; above them is a con- 
glomerate, while just below the basalt the rock is quartzitic. It: 
is possible that isolated outcrops of this rock have been mis- 
taken for Ordovician, and this may account for the strip of bed 
rock shown along Jackson’s Creek on the Quarter Sheets, below 
- the mouth of WatSon’s Creek. As far as we can see, gravel alone 
occurs in patches here. | 

The highest gravels are on the flanks of Hiare’s Hill, and would 
be about 1650 feet above sea level. Between this hill and Gis- 
borne there are widespread sheets of gravel at levels from about. 
1350 to 1600 feet. Further south the levels are 1520 feet west 
of Mount Gisborne, 1400-1500 feet around the Glendoon Spur, 
about 1300 feet at Breakneck Hill on the Melton Road, and 1000: 
feet a mile further south. While we were endeavouring to re- 
‘construct the earlier contours by means of the alluvial gravels, 
C. Fenner®? had attacked the same problem by a consideration 
of river grades. We have availed ourselves of his results which, 
like ours, indicate the existence of an east and west fault, called’ 
by him the Gisborne Fault. This name might, we think, be with 
advantage altered to ‘“ Toolern Fault,’ as the fault is several 
miles south of Gisborne, while the fault. which we have. indi- 


3g. 4, p. 42. 
39. 5, p. 266, 267. 
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«cated as the boundary of Lower and Upper Ordovician, must 
pass right through the township. 


X!.—Newer Volcanic. 


It is not our intention to deal with these rocks in detail. On 
examination they will probably be found to present problems 
not indicated by a cursory inspection. Where the basalt flowed 
over the old water sheds, the covering is comparatively thin. 
In the valleys it is of considerable thickness, as is well shown 
between Gisborne and Dalrymple’s and west of Lancefield Junc- 
tion. Below the “ Toolern Fault” the thickness is greater and 
bedrock is not exposed by the Toolern, Yangadook or Kororoit 
‘Creeks in the south of the district. 


Xll.—Summary. 


1. Attention is called to the comparative neglect of a com- 
plex and interesting area within 30-40 miles from Melbourne. 

2. The Geological Survey classification of rocks in the Gis- 
‘berne district is set out, and a revised classification proposed, 
dividing Upper and Lower Ordovician, substituting the Kerrie 
Conglomerate (already recognised by Victorian geologists) for 
the Oolitic, and adding a new series, the Riddell Grits. 

3. The physiography of the area is briefly touched on, and 
the influence of the Djerriwarrh Fault and the Newer Volcanic 
‘basalt flows indicated. An attempt is made to re-construct the 
main outlines of the pre-volcanic topography. 

4. The distribution of Lower and Upper Ordovician rocks 
is described, and some account is given of their graptolite fauna. 
It is shown that the division between Lower and Upper Ordo- 
vician is a straight line running through Gisborne in a direction 
slightly east of north, and evidence is adduced to show that this 
line represents a fault which is indicated on the accompanying 
‘map as the Djerriwarrh Fault. The down throw is to the east, 
and the fault is pre-Newer Volcanic, but how much older is un- 
‘known. 

5. A tentative recognition of three Upper Ordovician grapto- 
lite zones is proposed— 

1. Diplograptus-Didymograptus zone (Lowest). 
2. Dicellograptus zone. 
3. Dicranograptus zone. 
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The probability of a higher zone is indicated. This division is. 
set out only as a basis for further work. 

6. The distribution of a series of grits, sandstones and shales, 
termed the Riddell Grits, is shown, and some account is given. 
of their field relations and fossils. It is held that— 

(a) They overlie Dicranograptus shales (Upper Ordo-. 
vician ). 

(b) They underlie the Kerrie Conglomerate. 

(c) Their contained brachiopod and coral fossils indicate 
a mid or newer Silurian horizon, though some older 
forms are present. The presence in them of Diplo- 
graptus and Climacograptus indicates a greater age, 
and if the shales containing Dicellograptus belong to- 
the series, that age must be Upper Ordovician. The 
suggested age is Upper Ordovician, near the close of. 
the period. 

7. The Kerrie Conglomerate is stated to overlie, unconform- 
ably Dicellograptus shales at Emu Creek, and Diplograptus shales. 
and Riddell Grits north-west of Riddell. Fossils were found. 
in the pebbles of the Conglomerate, similar to those obtained. 
from the Riddell Grits, and the view is taken that it is in part. 
formed from the Grit. The suggested age is basal Lower Silurian.. 

8. The Tertiary gravels are briefly mentioned, their meta- 
morphism by the Newer Basalt described, and the existence of 
- an east and west fault in the south of the district deduced from. 
an abrupt change in the levels of the gravels, corroborated by a 
similar steepening of grade in the creeks along a line approxi- 
mating to 37° 35’ S. 

9. Acknowledgement is made of help received, and a biblio-- 
graphy of papers, etc., referred to, is appended. 
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value of his suggestions on several points in it. The bibliography 
sets out a list of the articles more directly referred to, but it is 
impossible to indicate, except in a general way, the use we have 
made of these papers, and of others not specified. The observa- 
tions we have described are the results of between two and three 
years of field work, and the conclusions represent in all cases 
the joint opinions of the authors. The paper makes no pretence 
-of finality. The area we have discussed is much too large, and 
its geology too complex to be treated of in a single paper, and 
the problems it presents will provide work for years to come. 
It is hoped that this paper may prove an introduction to a dis- 
trict till now geologically neglected. The beginning of the in- 
vestigation—which has far outgrown our original intention— 
was due to a suggestion from Mr. D. J. W. McHaffe, of 
““ Colane,” Gisborne. 
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Art. ‘V.—A Geologist’s Notes on Water-Divining. 


By GRIFFITH TAYLOR, D.Sc., B.E., BA. 
(With Plate IV. and two Text Figures), 
[Read July 8th, 1920]. 


In view of the widespread belief in Australia in the powers 
of the Water Diviner, the following personal experiences (fol- 


lowed by the authoritative opinions of others) should be of in- 


terest to members :— 
On a recent visit to the Federal Capital Territory, I devoted © 


several days to the question of water supply for the repatriated 
soldiers in the valley between the Ainslie-Majura ridge and the 


Black Mountain ridge. 
The general geology is simple. The valley runs north and 


south, and consists essentially of Silurian shales and clay-slates 


covered by a variable thickness of recent alluvial. These shales 


are flanked on the west by the harder sandstones and quartzites 
of Black Mountain, which form a ridge about 800 feet above 


eeererain, (See. Text ‘Pigs. J ‘andy 2.) 
On the east is a ridge of hard porphyry or tuff. These eruptive 
rocks are probably later than the sedimentary shales and sand- 


stones. This porphyry constitutes Mount Ainslie and Mount 


Majura. The line of junction between the porphyry and the 
shale runs north and south except for a spur of porphyry, which 
forms the low ridge at Ainslie Post Office. These features are 
shown in a general fashion in the coloured map by D. J. Mahony 
and myself. (Report of Geological Reconnaissance, 1913.) 
There is nothing’ unusual in the conditions in the Ainslie 
Valley, save perhaps that the unbroken rampart of hard rocks 
(see contours on figure 1) on each side indicates that the water 


‘supply will be fairly reliable if ordinary geological precautions 
are taken in sinking wells. 


Here, as everywhere, a large portion of the water sinks un- 


‘derground through the porous surface soils, debris, gravel, talus 


and alluvium generally, until it reaches the solid impervious 
rock beneath. Both the formations here represented are of an 


*ampermeable nature, i.e., the solid shales and solid porphyry. 


The water, on reaching this region, forms a more or less con- 
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tinuous sheet. Every filament of this sheet is always moving down. 
the steepest grade. The water-table (see Text Fig. 2) differs 
from the surface of the ground in that the water is not confined 
to well-defined channels, though there may of course be under- 
ground gullies where the water-sheet is thicker. It is. very 
important to understand this concept of the water-table. Almost 
every miner knows that in similar country he reaches the level 
where pumping is necessary at about fifty feet; but he remains 
a believer in the water diviner’s prowess in face of his com- 
mon sense! The region under discussion receives about nineteen 
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or twenty inches of rain a'year, and this is ample to keep the 
underground waters freslr and flowing. Wells are not usual in 
such wet regions: with sparse settlement, for the few farmers 


find dams more convenient. But it is infinitely easier to find 
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a supply at Canberra than say in the Tarcoola district (S.A.), 
where there are, however, many more wells. 
The drainage of the Ainslie Valley is normal, reaching the 

Molonglo by means of Sullivan’s Creek, or by the creek from 
Ainslie (see Text Fig. 1). The slope of the main stream (Sul- 
livan’s) is very gradual, dropping oniy feet between Peden’s 
farm, and the Residency Track. The hill slopes rise fairly sud- 
denly above the 2000 feet contour, and below Majura, there are 
slopes of 33°. The 2000 feet contour is shown in the plan, and 
may be taken as near the boundary of the Plain. 
I investigated the following wells :-— 

No. (1) Well at Ainslie. 
(2) Well in the West. 
(3) Peden’s well in the North. 
(4) Peden’s spring in the North 
(5) The Engineer’s shaft, north of Vernon. 

. (6) The:site of a well, east of Crace. 
These numbers appear on the map, Text. Fig. 1. 


9 
9) 
3) 


> 


(1) The Well at Ainslie. 


Early in 1919 the district was short of water, and there was 
the usual recrudescence of water diviners. Mr. D gave 
his assistance to the owner of Ainslie Well (1). The latter 
kindly furnished me with full details of the diviner’s work, 
which differs in no particular from the usual procedure. 


7 
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The diviner used a forked rod! of “red gum,” cut from the 
adjacent clump to the north (see map). He tested for water 
hereabouts, but found none. Then he walked south (see Fig. 
1), and the fork began to dip 200 feet away from the old 
clump. He followed the “flowing stream”. towards the old 
Post Office. It crossed the spur of undecomposed porphyry 
shown in Plate iv., Fig. 1, and traversed the yard. Here 
it was said to be confined to a belt of about 100 yards wide, 
and the diviner advised the owner to sink in the middle of the 
belt, just where it, left his property. 

The owner, with great energy and perseverance, sank his 
well through the decomposed zone fringing the porphyry bluff. 
I measured the rocks roughly as follows :— 


Top 18 inches grey soil. 
6 inches ironstone gravel. 
24 inches clay. 
6 inches coarse gravel. 
18 inches clay. 
12 inches gravel. 
12 inches clay. 
6 inches gravel. 
48 feet decomposed porphyry-tuff. 
Bottom 8 feet less decomposed tuff. 


Total 64 feet. 


A vertical “vein,” or crack, with pug, was some assistance 
in excavating for the lower thirty feet. Great credit is due 
to the owner for his energy, for the work occupied his spare 
time for eight months. At fifty-six feet some water came in, 
giving fifteen gallons by the morning. At sixty-four feet, water 
was “bubbling in.” (See Plate [V.. Fig. 2.) 

The well supplies from 400 to 800 gallons in. twenty-four 
hours, as far as we could roughly measure it. A 400 gallon tank 
is filled, and a luxuriant garden is the result of the well. 

The diviner had estimated that water would occur about 
fifty-six feet. The method (as I was told in another case) 
probably being to divide the width of the belt by two, and change 


112 yards 
2 


yards into feet! 1.e., = depth in feet. 


1 The forked rod used had a butt 2} inches long and 4 inch diameter. Each leg was 16 
inches long and about yy inch diameter. 
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Conclusions: The owner obviously reached the water-table, 
which here is determined by the lower boundary of permeable 
(decomposed) tuff. He has a poor catchment on the slope of 
the ridge shown in Fig. 1, where the average rainfall is about 
twenty inches. It is fair to state that the conditions were not 
‘very favourable for water, and that one could choose a hundred 
better places within half a mile. However, they were not on 
his property ! 

The chief geological interest in this example lies in the course 
of the “flowing stream.” I have already mentioned that defi- 
nite streams are not to be expected under the conditions ob- 
taining in the Ainslie Valley. 

Moreover, the drainage underground must conform with the 
surface contours in general. In this case the hypothetical 
“stream ” runs perpendicular to a well-defined slope, and right 
through a ridge of porphyry tuff, whose undecomposed outcrop 
is visible at the surface! (See line on Plate figures.) 

I am of the opinion that as the water table can be reached 
at from twenty to fifty feet anywhere in this flat, there is no 
evidence that the diviner exhibited any occult power in this 
_ case. Moreover,an analysis shows that the well water is distinctly 
not potable, while the “ flowing stream” supplying the well can 
only be a portion of a sheet of extreme tenuity. 

It is of psychological interest that everyone had heard of 
‘the Ainslie success (No. 1 on Text Fig. 1), whereas few knew 
of the next case, that of the well about one mile to the north- 
west (No. 2 on Text Fig. 1). 


No. 2 Well. 


The same arid conditions early in 1919 led another settler on 
the other side of the valley to engage a diviner. . Mr. T 
carried out the work. He chose a ridge between two gullies, 
considerably above the general level of the valley (see map). 
Here the outcrop was of Silurian clay-slate, with very little sur- 
face soil. ihe 

The diviner mapped out a “ flowing stream,’ which ran east 
and west, and again was not in accord with the very definite 
slopes of the valley. | | 

The “stream” ran from one gully to another, and the owner 
was advised to sink near the crest of the traverse. He went 
down thirty-two feet through somewhat decomposed shale, and 
then about twenty-five feet in hard shale. Apart from a few 


b] 
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damp patches, he saw no water. He “ jumped” another twelve 
feet below the shaft with no result. So that a total of about 
seventy feet failed to corroborate the diviner. The latter had 
stated that he was able, by the varying “ pressure ” on the fork 
to tell where the water was nearest the surface. This was not in 
the gully,.as one would suppose, but on the ridge farther east on 
the course of the “ flowing stream.” One must therefore postu-. + 
late that his stream flows upstream, as well as along contours! 

It is amusing to note that the settler was drawing water all 
the time of sinking his own well from the Engineer’s shaft 
(5 on Fig. 1) put down in the middle of the flat, about one and 
a-half miles to the south. The latter was, I believe, sunk without 
any assistance from a diviner (or geologist!) merely to find out 
the. character of the strata. It penetrated the water table, and. 
so has had a good supply ever since. (The mouth of this shaft. 
is thickly screened by large ferns.) 

I investigated two wells in Mr. Peden’s property to the north: 
of the Repatriation areas. The further well (No. 3) was pre- 
sumably sunk in a very dry season, possibly forty years ago.. 
It had not been needed at a later date, and was filled in when: 
I saw it. 

About a quarter of a mile to the south was a spring, which 
Mr. Peden had floored with large stones. (No. 4 on Fig. 1.) 
Here he was able to get a plentiful supply for his stock. In 
very wet seasons it flowed away to the creek, but usually the 
water was run into a trough by means of a small pump. 

This spring is a striking proof of the large water supply im 
the valley, for it occurs in a flat at a considerable distance from. 
any slopes. | 

In conclusion, I should like to quote from the “ English 
Mechanic,” 11th April, 1913. At Guildford (England) six 
diviners. gave an exhibition before a committee of well-known. 
scientists over ground chosen some time -before by the latter.. 

Site No. (1) (Chosen over a spring): “ ‘Most of the diviners. 
missed it.” 

Site No. (2) (Chosen over a sewer): “ All missed it.” 

Site No. (3) (Grass-covered top of a reservoir): “To see 
water-diviners walking about a few feet above a mass of water 
—running water, too—and not being able to detect it, was ex- 
quisitely funny.” (‘‘ Daily Mail” report.) 

I believe that much depends on the elasticity of the fork. It is: 
of the nature of a spring, and I feel sure that if the diviner’s. 
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thands were fixed so that they could not move, outwards or in- 
‘wards (while still remaining in actual contact with the fork) 
‘that many of the results would be unobtainable. It is of in- 
terest that I was told of a diviner who was unable to divine © 
after the loss of his thumb! This, to me, means that he could 
not hold his fork firmly. | 

Three later quotations will surely convince even the most 
‘sceptical that the matter concerns the psychologist as an interest- 
ing example of “mind influencing matter” (i.e., the muscles), 
‘rather than the geologist or farmer.” 

(a) The Commission for Water Conservation and Irrigation 
in Sydney reports (10th June,, 1920) :— 

“Of fifty-six bores located with the aid of the divining rod 
-seventy per cent. were successful, while, of ninety-six bores sunk 
without the aid of the divining rod, eighty-seven per cent. were 
successful. In view of these practical results, it has been de- 
cided, after careful consideration, not to make further tests.” 


(b) The Government Geologist of South Australia (L. Keith 
Ward) reports (5th November, 1914) inter alia:— 


“It should be apparent to all that the finding of water at a 
spot ‘indicated’ by the divining rod constitutes no proof at 
call of the efficacy of the means of locating the water. It is not 
sufficient to test only the spots ‘ indicated.” The area wherein 
“no indications’ are given by the rod or machine must also be 
adequately tested before any judgment can be formed. The 
«only test of this character that has, to my knowledge, been car- 
‘ried out in South Australia, is one that was conducted many 
“years ago, on behalf of the South Australian Government, by 
Mr. T. Parker, in order to test the claims of a man who pro- 
fessed to be able to locate water with the divining rod. The 
results of this test showed that water existed throughout the 
-area in which the experiments were carried out, both at the spots 
“ indicated,’ and in intermediate positions where no ‘ indications’ 
“were given.” 

(c) Finally, the American Geological Survey in 1917 pub- 
‘lished a report (by A. J. Ellis) containing this summary of the 
whole matter :— 3 


2 Tomy mind this opinion is confirmed by the fact that the divining rod has also been used 
an all good faith in the past ; to detect or locate (1) Ores, (2) Treasure, (3) Lost Landmarks, (4) 
Criminals, (5) Strayed Animals: and even to cure diseases and analyse personal eharacter (vide 
AEllis infra). 


86 Griffith Taylor: Water-Divining. 


“Tt is difficult to see how for practical purposes the entire 
matter could be more thoroughly discredited. To all enquiries 
the U.S. Geological Survey gives the advice not to expend any 
money for the services of any ‘ water witch,’ or for the use or 


purchase of any machine or instrument for locating underground 
water.” 


I have to thank the Federal Surveyor-General for the loan of 
the two maps, prepared partly from my own sketch maps. 


Proc. R.S. Victoria, 1921. Plate LV. 


Figure 1. 


Photo (looking south) showing the locale and direction of the underground stream (broken line) 
as traced by the diviner. It flows (?) through the outcrop of hard porphyry (at right angles to the 
dip of the slope) to No. 1 well. The top of the windmill is just visible below the arrow. 


Figure 2. 


Photo (looking north) of No. 1 well at Ainslie. It is sunk in talus and rotten porphyry for 64 feet, 

and gives 600 gallons per diem. (The windmill was made by the owner of oil drums and Ford car 

gears.) Notice the outcrop of solid porphyry on the left (sky-line), through which the diviner 

traced (?) the stream, whose course is indicated by the broken white line. Part of Mount Ainslie 
shows on the right. 
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Arr. VI.—A Revision of the Australian Cicadidae. Part I. 


By HOWARD ASHTON. 
| Read July 8th, 1920). 


This family, so prominent in the entomology of Australia, 
seems to me now to be entitled to some revision so far as Aus- 
tralian species are concerned. The need arises from the fact 
that errors have crept in to classifications in the past, and be- 
cause, since the last contribution to the literature of the family 
which covered the whole ground (I am speaking of Australia), 
Goding and Froggatt’s valuable Monograph (Proc. Linn. Soc. 
N.S.W., 1904), many new species have been named, and several 
old ones more closely determined. It is unfortunate, and says 
little for the patriotism of collectors here, and for the Govern- 
ments which subsidised Swedish, German and other foreign ex- 
peditions to collect material for foreign museums, that many 
of our types are not available here. The same remark applies, 
of course, to other branches of our fauna. If, when specimens 
are sent out of the country to foreign experts, duplicates only 
were despatched, our collections would be in a better state to-day 
than they are. The types of our Cicadas are thus scattered, 
many being in the British Museum. Some, of course, are in our 
own museums and collections. Many of the types of Goding 
and Froggatt are, fortunately, here in Australia. Some are in 
the Macleay Museum, Sydney, but some which were there are 
now missing. There are my own types in the museums of Syd- 
ney, Melbourne and Adelaide, and in my own collection. In 
this latter, too, are a number. of authentic determinations by 
Mr. W. L. Distant, who has been good enough on several occa- 
sions to examine material I have sent him. I: pass over some 
_ determinations by Walker in the Melbourne Museum, as they 
are, in several cases, obviously’ and completely contradictory 
and wrong. 

I find reason, heré and there, to traverse the determinations 
of former writers. It is unnecessary to state that I do so with 
regret, and only in the cause of what all workers must seek— 
scientific accuracy. Mistakes will creep in to any man’s work, 
and, until everything is clear to mankind, will continue to creep 
in, and what one believes to be the truth, he must, in all humility, 
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stand by. When I do venture to differ from such an authority 
as Mr. Distant, and it is very rarely, it is with a deep sense 
of the obligations I myself and other workers must acknow- 
ledge to the greatest living authority on the family. Where I 
differ from Messrs. Goding and Froggatt, also, I do so with 
the respect due to those who have done pioneer work in their 
Monograph. 

I have included New Zealand in the ground covered by this 
revision, because the few cicadas there are obviously descendants 
of Australian ancestors, all belonging to our greatest and most 
widely diffused genus, Melampsalta. With the exception of one 
or two from Lord Howe and Norfolk Island, the rest are from 
the continent itself, or from islands so close, to it that they may 
be regarded as portions of the mainland. My system of refer- 
ences comprises all distinct synonyms, descriptions, and especi- 
ally figures. In some cases, where I have not seen an authentic 
specimen of a species, I publish the original descriptions. Several 
new descriptions and generic divisions are also included. Where 
types are available, I have named the collections in which they 
are. | 

Sub-family CICADINAE, Dist. 


This family contains the largest and most conspicuous of the 
Australian Cicadas. It is distinguished by the cryptic disposition 
of the tympana, which are fully covered by a prolongation of 
the basal abdominal segmental walls. In some genera these 
covering processes are dilated into large horny sacs. 


Division PoLyNEURARIA, Dist. 
Genus Platypleura, Amyot and Serville. 
Type P. stridula, Linnaeus (Africa). 


This genus, dominant in Africa, and widely spread from that 
continent across Asia to the Philippine Islands, is represented by 
one species in Australia. I do not, however, feel at all sure the 
evidence of Australian habitat is established. 


PLATYPLEURA TEPPERI, Goding and Froggatt. 


Platypleura tepperi, God. and Frog: Proc. Linn. Soc. N.S.W.,; 
1904: p. 568, pl. cevit, (ine, arm 

Type, South Australian ‘Mitisenstis Adelaide, other , eae 

in the Macleay Museum, Sydney. Hab.—Northern Territory. 
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Division THOPHARIA, Distant. 
Genus Thopha, Amyot and Serville. 
Type T. saccata, Fabricius. 


THopa SaccaTA, Fabr. 


Tettigonia saccata, Fabr. Syst. Rhyn., p. 34, 9, 1803. 
Cicada saccata, Guer. Mag. Zool., p. 80, pl. ccxxxviii., 1838. 
Thopa saccata, Am. and Serv. Hist. Hem., p. 471, 1843; 
Frog. Aust. Ins., p. 348, fig. 154. 
Specimens in all museum collections. Hab—New South 
Wales. 
THOPHA SESSILIBA, Distant. 


Thopha sessiliba, Dist. Ann, Mag. Nat. Hist., (6), 1x., p. 
914 (1892): didi Gen, ine, fase., 142; 921, phiS, sag. 17, 
ac. 1912. : 

Thopha stentor, Buckton. ‘“ Home. University Magazine,” 
Fiaslemere, i., p. 371, 1898. 

Specimens in Iifaicletsy icibeuuitve and ‘Adelaide Museums, and 

jn Coll. H.A. Hab—Central Australia, Northern Territory 
(?), Queensland. 


THOPHA COLORATA, Distant. 


Thopha colorata, Dist. Ann. Mag. Nat. Hist. (1907), xx., 
p. 411. : é 
Une specimen in Coll. H.A., two (mutilated) in Adelaide 
Museum. Hab.—North-Western Australia. 


T. NIGRICANS, Distant. 


Thopha nigricans, Dist. Ann. Soc. Ent. Belg., 1910, p. 415. 

Head pronotum, mesonotum, sternum, and legs. piceous or 
‘black, abdomen, tympanal covers and opercula testaceous, teg- 
mina and wings hyaline, talc-like, venation dark ochraceous, 
‘basal cell brownish-ochraceous, with a small hyaline spot at its 
lower extremity, and with its upper margins black. Base of 
head between eyes about as broad as medial length of vertex. 
Eyes strongly pedunculate, considerably passing anterior pro- 
notal angles, anterior margins of vertex before front distinctly 
ridged, and diverging ridges between ocelli. Pronotum with 
four central carinations on anterior area, posterior margin 
strongly transversely striate, lateral margins of pronotum and 
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mesonotum, interior area of cruciform elevation, and posterior 
ridges of metatotum ochraceously pilose. Tympanal coverings 
very large and testaceously opaque, abdomen much _ shorter 
than expanse of tympanal coverings, above a little more than. 
half their expanse, below about two-thirds. Apical segment 
above testaceously tomentose. Long 42 mm., exp. teg., 128 mm- 
Hab.—North Queensland. 

Allied to Thopha sessiliba, Dist. by pedunculate eyes, differ- 
ing by shorter and broader abdomen, more concave posterior 
margin of metasternum, and black head and thorax. 

There are two specimens in Coll. H.A., which I take to be-- 
long to this species. 


SYNOPSIS OF SPECIES. 


T. saccata. Tympanal sacs deep reddish-chestnut, eyes not: 
sessile. 

T. colorata. Tympanal sacs orange-yellow, abdomen very 
narrow. Eyes sessile. 

T. sessiltba. Abdomen marked with white tomentum. Eyes- 
sessile. Colour generally yellow. ; | 

T. nigricans. Tympanal sacs testaceous, head and thorax. 
black. Eyes sessile. 


Genus Arunta, Distant. 
Fype A. perulata, Guerin. 


ARUNTA PERULATA, Guer. 


Cicada perulata, Guer.” Voy. “Coquille,” Zool. ii, pies 
pl. x., fig, 5, Sat 1630; 

Henicopsaltria perulata, God. and Frog. Proc. Linn. Soc.,. 
N.S.W., 1904, p. 575. 

Arunta pferulata, Dist. Syn. Cat. Hom. Cicad., 1906, p. 275 
id. Gen. Ins. fasc., 142, p. 21, pl 2, figs. 18, a, b, c, 1992. 

In all Museum Collections. Hab.—Sydney, Coastal New: 

South Wales and Queensland. 


ARUNTA INTERCLUSA, Walker. 


Thopha interclusa, Walk. List. Hom. Suppe, p..5, 1858; id 
List. Hom. iv., 1852, pl. 1, fig. 6. 7 
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Henicopsaltria interclusia, Stal. Berl. Ent. Zeit., x., p. 171, 
1866. 
Arunta interclusa., Dist. Syn. Cat. Hom. Cicad., 1906, p. 27. 
Arunta flava, Asht. Ree. Aust. Mus. Sydney, ix., i., p. 76, 
pl. vii., figs. 1 and 2, 1912. 
Specimens in Sydney and Adelaide Museums, and Coll H.A. 
Hab.—Queensland. 


ARUNTA INTERMEDIA, Ni. Sp. 


Head greenish-yellow, with margins of front, fascia between: 
eyes, including vertical margins and region of ocelli, and narrow 
fascia on posterior margin, black. Pronotum reddish, a central: 
stripe (narrower posteriorly, and surrounded by a black line),. 
yellow, posterior margin yellowish testaceous. Mesonotum, with 
two small anterior obconical spots (margined with yellow), and. 
a broad fascia on each side, inwardly much broken, deep brown,,. 
a black central longitudinal line, and spots before cruciform. 
elevation. | 

Abdomen light brown, with a spot of white tomentum on. 
second segment, a few black transverse markings on apical seg- 
ments. Tympanal sacs testaceous, devoid of tomentum, abdo- 
men beneath, and sternum also bare of the usual white “ flour.’” 
Tegmina and wings talc-like, venation from pale to dark fuscous, 
basal venation of wings whitish, first two anastomoses to teg- 
minal apical areas palely infuscated. 

Long.—Male, 31 mm.; female, 33 mm. Expanse of tegmina,. 
male, 103 mm.; female, 100 mm. 

Hab.—Cape York, N. Queensland. 

One male and two females in Coll. H.A., Coll. by H. Elgner,. 
1906. 


SYNOPSIS OF SPECIES. 


A. pemlata. Body robust, dark chestnut to piceous, anal plate: 
beneath testaceous with central black line. Much powdered with 
white. | 

A. intermedia. Body not so robust, brown, anal plate beneath 
all deep brown. Not powdered with white. 

A. interclusa. Body yellow with black markings, powdered! 
with white, anal plate beneath testaceous. Tegmina unmarked. 
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Division CycLocuHivaria, Distant. 


Genus Cyclochila, Amyot and Serville. 
Type C. australasiae, Donovan. 
CYCLOCHILA AUSTRALASIAE, Don. 
‘Tettigonia austracasiae, Don. Ins. New. Holl. Hem., pl. IL, 
ne. 1 (1805). 
‘Cicada olivacea, Germ. Thou. Ent, Arch, 11., p. 1, 1830. 
Cyclochila australasiae, Am. and Serv. Hist. Hem., p. 470, 
fig. L., 1880; Frog., Aust. Inst.; p. 349,. pl: xxxii., figs. 1 
1843; “McCoy, Prodr. “Zoot. "Wie, ec, v., p57)’ plies 
to 8. | 


Specimens in all Museums. Hab—New South Wales, Vic- 
‘toria. 
CYCLOCHILA AUSTRALASIAE, var. SPRETA, God. and Frog. 


C. australasiae, var. spreta, God. and Frog. Proc. Linn. Soc. 
N.S. W., 1904, ‘pi 570. 


This variety is distinguished by the black fascia across vertex 
-of head, black longitudinal fasciae on pronotum and mesonotum, 
-and black abdomen. 


Specimens in all Museums. Hab.—New South Wales, Vic- 
storia. 


CYCLOCHILA VIRENS, Distant. 
Cyclochila virens, Dist. Entomologist, 39, 1906, p. 148. 
Cyclochila laticosta, Asht. Proc. Roy. Soc. Vic., 1912, 11., p. 
221, pl. xlaetyhes...1a, bs: | 
Specimens in Coll. H.A., and in Adelaide Museum. Hab.— 
Kuranda, Queensland. 
SYNOPSIS OF SPECIES. 


C. australasiae. Costa moderately broad. 
C. virens. Costa immensely dilated. 


Genus Psaltoda, Staal. 
Type P. moerens, Germar. 
PSALTODA MOERENS, Germ. 
‘Cicada moerens, Germ. Silb. Rev. Ent., ii., p. 67, 1834; McCoy, 
Prodr; Zool. Vic., Dec. v.,'p. 53, pl tne. 1, 2 (1680). 


Psaltoda moerens, Stal. Ann. Soc. Ent. Fr. 4, 1., p. 614, 1861; 
Frog., Aust. Ins., 1907, p. 349, fig. 155 


Australian Cicadidae. a 


In all Museums. Hab—New South Wales, Victoria, South. 
Australia, Tasmania. 


PSALTODA ARGENTATA, Germar. 


Cicada argentata, Germ. Silb. Rev. Ent. i1., p. 66, 1834. 

Psaltoda argentata, Stal. Ann. Soc. Ent. Fr., 4, 1, p. 614,. 
1861. | 

Cicada plaga, Walk. List. Hom., i., p. 109, 1850. 

In all Museums. Hab.—New South Wales. 


PSALTODA PICTIBASIS, Walker. 


Cicada pictibasis, Walk. List. Hom. Suppl., p. 31, 1858. 
Psaltoda pictibasis, Stal. Ofv. Vet. Akad, Forh, 1862, p. 483. 
Specimen in Macleay Museum, Sydney. Hab—Queensland. 


PSALTODA AURORA, Distant. 


Psaltoda aurora, Dist. Trans. Ent. Soc. Lond., 1881, p. 644.. 
id, 'Gen, Ins, Fase, 142, px 23, 1912, plad,ifiign 20a, Dye. 
Macleay Museum, Coll. H.A. Hab—Queensland. 


PSALTODA ADONIS, Ashton. 


tsatoda adonis, Asht! Proc. Roy. Soe. Vici; xxvit.) i) p2hs,. 
pl. i1., figs. 3a, b, 1914. 
Types in Australian Museum, Sydney. Hab—Queensland. 


PSALTODA FLAVESCENS, Distant. 


Psaltoda flavescens, Dist. Ann. Mag. Nat. Hist., 6, x., p. 55,. 
1892. 

Specimens in Macleay Museum, Sydney, determined by Goding: 
and Froggatt. Hab—New South Wales. 


PSALTODA FUMIPENNIS, Ashton, 


Psaltoda fumtpennis, Asht. Proc. Roy. Soc. Vic., ii., 1912,. 
pe 222. pli) xitx.) figs) 2a, be. 

Type, Coll. H.A. Specimen in South Australian Museum,,. 
Adelaide. Hab.—Northern Territory (?), Queensland (?). 

This species is of doubtful habitat. It was described from: 
two male specimens received from F. P: Dodd, and there seemed 
some uncertainty as to whether it came from Port Darwin or 
Kuranda. I think, however, that it is a Queensland species. 
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PsALTODA HARRISI, Leach. 


Tettigonia harrisii, Leach. Zool. Muscell., p. 89, pl. xxxix., 
fig. 2, 1814. 

Cicada dichroa, Boisd. Voy. “ Astrolabe,” p. 613, pl. x., fig. 
7 A882. 

Fidicina subguttata, Walk. List. Hom., 1., p. 95, 1850. 

Psaltoda harrisi, Stal. Ann. Soc. Ent. Fr., 4, 1., p. 614, 1861. 


PSALTODA CLARIPENNIS, Nn. sp. 


The greenish species named as a variety by Goding and 
Froggatt, is, I feel sure, worthy of specific rank. I sent one 
of these to Mr. Distant some years ago, and he determined it 
as a variety of P. harrisi. But there are, in all the specimens 
I have seen, structural differences, which seem to me sufficient 
grounds for elevating it into specific rank. The abdomen in ~ 
P. harrisi is very much longer than the head and thorax to- 
gether; in this species it 1s about the same length. The head of 
P. harrisi is relatively narrower. In P. harrisi again, the pos- - 
terior edge of posterior pronotal margin is straight; in this 
species this edge is excavated very distinctly in the centre. The 
face of P. harrisi 1s less globose. The opercula of this lighter 
species meet in the centre, those of P. harrisi do not. The 
rostrum of P. harrist reaches the apices of the hind coxae, that 
-of this species barely reaches the bases. I therefore propose 
for this species the name Psaltoda claripennis. The habitat is 
‘Queensland. 

Long. male 28 mm., female 24 mm.; expanse of tegmina, male 
-84 mm., female 84 mm. 


PSALTODA INSULARIS, Ashton. 


Psaltoda insularis, Asht. Proc. Roy. Soc. Vic., 1914, pt. i., p. 
14, pl. i1., fig. 4a, b. 
Type in Australian Museum, Sydney. Hab—Lord Howe 
Island. 


SYNOPSIS OF SPECIES. 


A. Abdomen black above. 
P. moerens. With hairy spots on sides of abdomen, teg- 
“mina and wings deeply apically infuscated. Thorax black above. 
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P. argentata. With hairy spots on sides of abdomen, tegmina 
faintly infuscated on first two anastomoses. Thorax black 
above. 

P. harrisi. With hairy spots on abdomen. Tegmina and 
wings immaculate. Thorax black above, much smaller than 
‘preceding species. 

P. pictibasis. With hairy spots on abdomen. Tegmina with 
first three anastomoses infuscated. Thorax ferruginous. 

P. insularis. With hairy spots on abdomen, tegmina not in- 
fuscated, thorax black and yellow. 

-B. Abdomen above reddish, yellowish or testaceous. 

P. aurora. Tegmina with first two anastomoses infuscated. 
First abdominal segment broadly marked with black, rest red- 
‘dish yellow. Thorax black and yellow. 

P. flavescens. Tegmina with first two anastomoses and tips 
of longitudinal veins infuscated. Abdomen above pale cas- 
taneous, with black segmental marginal markings. Thorax 
more or less castaneous. 

P. adonis. Tegmina with all anastomoses, and tips of longi- 
tudinal veins infuscated. Abdomen above more or less luteous 
brown. Thorax green. 

P. fumipennis. Tegmina and wings with broad apical infus- 
cations. Abdomen yellow. Thorax green. 

P. claripennis. Tegmina and wings immaculate. Abdomen 
-castaneous, with black marginal segmental markings. Thorax 
green, marked with piceous and brown. 

Note.—Goding and Froggatt describe (Proc. Linn. Soc. 
N.S.W., 1904, p. 589) Psaltoda plebeia. In the Macleay Museum 
‘there are a number of specimens, one of which is marked “ Zipa, 
on locust trees.”” Two of these have been labelled as the types 
of P. plebeia, God. and Frog. The species is, as a matter of 
fact, Cicada plebeja, Scop., of the Mediterranean littoral. In 
sone instance the usual chestnut colour of the pronotum has been 
replaced by yellow. 


Genus Neopsaltoda, Distant. 


T-ype N. crassa, Distant. 


NEOPSALTODA CRASSA, Dist. 


Neopsaltoda crassa, Dist. Ann. Soc. Ent. Belg., 1910, p. 415; 
id., Gen. Insect. fasc. 142, p. 24, pl. 4, fig. 21 a, b, c, 1912. 
Hab.— Queensland. 
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I have not seen this species, but the figure in the “ Genera In- 
sectorium,” should make it easy to identify when it does appear- 
in museum collections. 

Anapsaltoda, n. g. 

Head not quite as long as pronotum, including eyes broader 
than base of mesonotum, eyes very sessile, front not as prominent 
as in Psaltoda. Posterior pronotal margin very broad, breadth 
equal to half the length of pronotum. Head and pronotum to- 
gether about equal in length to mesonotum (excluding cruciform 
elevation). Tympanal coverings a little convex. Abdomen 
longer than thorax and head. Rostrum reaching apices. 
of hind coxae. Opercula broad, convex, rounded posteriorly,. 
overlapping interiorly. Abdomen beneath flattened and sharply 
depressed toward apex. Tegmina broad, acute at apices. 


Type A. pulchra, Ashton. 


ANAPSALTODA PULCHRA, Ashton.. . 


Psaltoda pulchra, Asht: Proc. Roy. Soc. Vie., 1911, ii, p. 222, 
pl. 1, figs. 3a, b; Dist? Gen: Insect. 142; pry 23-¢1912Z)r 

Hab.— Queensland. 7 

(One specimen, the type in Coll. H.A. 


Genus Henicopsaltria, Stal. 
Type H. eydouxt, Guerin. 
HENICOPSALTRIA EYDOUXI, Guer. _ 
Cicada eyedouxu, Guer. Voy. “ Coquille,” Zool. II., p. 181, 
1830. 
Henicopsaltria eydouxit, Stal. Berl. Ent. Zeit., x., p. 171,. 
1866; Frog., Ast. Ins.) p, 250, fie 15679907; 
Specimens in all Museums. Hab—New South Wales, Queens- 
land. 
HENICOPSALTRIA KELSALLI, Distant. 


Henicopsaltria kelsalli, Dist. Ann. Soc. Belg., 1910, p. 416. 
Melbourne and Adelaide Museums, and Coll. H.A. Hab— 
North Queensland. 3 
SYNOPSIS OF SPECIES. 


FH. eydouxt. Opercula pink. Tegmina with apical and sub- 
apical infuscations. 
FI, kelsalli. Opercula black. Tegmina unspotted. 
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Arenopsaltria, n. gen. 


I have ventured to separate out from the genus Henicopsaltria 
those members having the head and thorax deeply granulated. 
Another common difference is that the abdomen, which is broader 
in H. eydouxu, Guer., and H. kelsalli, Dist., than the thorax, is in. 
these species, the same width. These characters are not the only 
differences. The wings of the three species fullo, Walk., nubi-— 
vena, Walk., and pygmaea, Dist., are relatively very much shorter 
than those of the typical Henicopsaltria. And the second abdom- 
inal segment of Henicopsaltria is much longer than that of the 
proposed new genus. There are other and minor differences 
which workers in the family will notice. 


Type A. fullo, Walker. 
ARENOPSALTRIA FULLO, -Walk. 


Fidicina fullo, Walk. List. Hom. i., p. 96, 1850. 
Henicopsaliria fullo, Stal. Berl. Ent. Zeit. x., p. 171, 1866; 
Pact. (sen. Ins:; fasc. 142, p. 24, ‘pl. 4, fig. 22 a, b, ¢: 
Specimens in Sydney Museum, and in ,Coll. H.A. Hab.— 
Western Australia ' 


ARENOPSALTRIA NUBIVENA, Walker. 


Fidicina nubivena, Walk. List. Hom. Suppl., p. 17, 1858. 
Henicopsaltria nubivena, Stal. Berl. Ent. Zeit., x., p. 171, 
1866; Asht., Mem. Nat. Mus. Melb., 1912 (4), pl. iv., figs. 
K.1. 2, p. 24, 1912. 
Specimens in Adelaide, Macleay and Melbourne Museums, and 
in Coll. H.A. Hab.—South Australia, Victoria, Tasmania. 


ARENOPSALTRIA pygmaea, Distant. 


Henicopsaltria pygmaea, Dist. Ann. Mag. Nat. Hist. 7, xiv., p- 
303, 1904. 
_ I have not seen this species, and the type is not in Australia, 
and therefore I append Distant’s description :— 

Body ochraceous brown, abdomen castaneous. Pronotum with 
central ochraceous line; on each side of which is a narrow black 
fascia extending from anterior margin to near middle. Meso- 
notum with two obscure central obconical spots on anterior mar- 
gin, cruciform elevation ochraceous. Abdomen above with the 
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following greyish-white markings:—A small spot at inner angle 
of each tympanal covering, a broad anterior fascia (broken cen- 
trally) to second segment, and the anterior margin of anal seg- 
ment. Tegmina and wings talc-like, venation ochraceous, teg- 
mina, with the following fuscous spots:—One on each longitud- 
inal vein to third ulnar area, each side of the transverse veins at 
apices of ulnar areas, and one at the apex of each longitudinal 
vein to apical areas. Head, pronotum and mesonotum granulose, 
rostrum reaching posterior coxae, tympanal coverings prominent 
and finely transversely striate, abdomen finely pilose, opercula 
rounded, not extending beyond the anterior margin of the first 
abdominal segment. Tegmina only a little longer than body. 

Long. Corp. 14 mm., exp. teg. 39 mm. 

Hab.—S.W. Australia. 

Allied to H. fullo, Walk., but very much smaller. 


ARENOPSALTRIA UNICOLOR, n. Sp. 


Body above and below concolorous, a dull yellowish-brown, 
except for the following browner and darker markings: Vertex 
of head between eyes, obscure linear fasciae, enclosing central 
paler stripe on pronotum, posterior pronotal margin, and posterior 
abdominal segmental margins; beneath, facial sulcus, apex of 
rostrum, and opercula. Tegmina hyaline, veins at bases of apical 
areas, except 8th, more or less infuscated. Costa and venation 
on basal half ochraceous, darker ‘on apical half, basal membrane 
yellow; wings with-venation on basal half ochraceous, darker on 
apical half. 

This species apparently lacks the white tomentum so prominent 
in the three other species of this genus. It may also be easily 
distinguished by the unicolorous body, and the less heavily infus- 
cated tegmina. 

Long, male 23 mm.; expense of tegmina, 67 mm. 

Hab.—Perth, West. Australia. Coll. by Mr. G. H. Hardy. 
Type in Australian Museum, Sydney. © 


SYNOPSIS OF SPECIES. 


A. fullo. Abdomen marked with white as follows :—One in- 
terrupted band across second abdominal segment. 

A. nubivena. Central white spot, bisected in centre on dorsum 
of first and second abdominal segments, spot on each side, be- 
hind tympanal covers, and whole of last segment. 
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A. pygmaea. Spot at inner angles of tympanal covers, broken 
anterior lateral fascia to second segment, and anterior margin 
of last segment. 


’ Division Cicaparia, Distant. 
Genus Macrotristria, Stal. 
Type M. angularis, Germar. 

MACROTRISTRIA ANGULARIS, Germ. 


~ Cicada angularis, Germ. Silb. Rev. Ent. i1., p. 68, 1834. 
Fidicina angularis; Walk. List. Hom., 1., p. 78, 1870. 
Macrotristria angularis, Stal. Ofv. Vet Akad. Forh., p. 714, 

1$40;-Krog., Aust, Ins. p-350, fig. P57, 1907. 
In all Museums. Hab.—New South Wales, Queensland. 


MACROTRISTRIA THOPHOIDES, Ashton. 


Macrotristria thophoides, Asht. Proc. Roy. Soc. Vic., 1., p. 13, 
1914, pl. i. , fig. I.a. 

Type specimen, one female in Gait: H.A. Male more darkly 
marked, and apparently more typical, in the South Australian 
Museum. Hab.—North-Western Australia. 


MACROTRISTRIA HIEROGLYPHICA, Goding and Froggatt. 


Cicada hieroglyphica, God. and Frog. Proc. Linn. Soc. 
fev «, 1904: p. 581. 
Rihana hieroglyphica, Dist. Syn. Cat. Hom. Cicad., p. 38, 1906. 
Specimens in Macleay, Coll. HsA., -and Adelaide Museum. 
Hab.—North-West Australia, Northern Territory. © 


MACROTRISTRIA GODINGI, Distant. 


Macrotristria godingi, Dist. Ann. Mag. Nat. Hist., 7; xx., 
p. 412, 1907; id. Gen. Ins. fasc. 142, p. 26, 1912, pl ili., fig. 
pea, OCC. 

This species is only familiar to me by the illustration in the 
“Genera Insectorium,” and the description in the “ Magazine of 
Natural History.” The only difference I can see between it and 
M. hieroglyphica, God. and Frog., is that-the latter is without the 
yellow band on the abdomen shown in Distant’s figure. Hab.— 
North-West Australia. 
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MACROTRISTRIA SYLVARA, Distant. 


Cicada sylvara, Dist. Trans. Ent. Soc. Lond., p. 591, pl. xvi., 
fig. 1 a, b, 1901. 
Macrotristria sylvara, Dist. Syn. Cat. Hom. Cicad., 1906, p. 31. 
Cicada sylvana, God. and Frog. Proc. Linn. Soc. N.S.W..,. 
1904, p. 580. 
Macleay and- South Australian Museums. Coll. H.A. -Hab.— 
Queensland. 


MACROTRISTRIA NIGRONERVOSA, Distant. 


Macrotristria nigronervosa, Dist. Ann. Mag. Hist., 7, xiv., p- 
329, 1904. 

Head, pronotum and mesonotum ochraceous, head with face 
castaneous, ornamented with a piceous central fascia, and an 
oblique ochraceous spot on each side of base; the area of ocelli, 
inner margins of eyes, and narrow basal margin black. Pronotum 
with two very small sub-basal central black spots. Mesonotum 
with two central obconical spots on anterior margins black, each 
spot with a small ochraceous spot, the anterior margins on each 
side of these spots also narrowly black. Abdomen above black, 
posterior segmental margins narrowly ochraceous, margin of 
sixth segment, base and apex of anal segment, broadly ochraceous.. 
Body beneath and legs ochraceous, anterior and intermediate 
tibiae and tarsi castaneous, body more or less greyishly pilose. 
Tegmina semihyaline, venation fuscous, basal cell, costal mem- 
brane and costal area ochraceous, transverse veins at apices of 
first, second, third and fourth ulnar areas more or less piceously 
infuscated, and a small fuscous spot on each longitudinal vein 
(excluding the uppermost) to apical areas. Wings semihyaline, 
venation ochraceous, apically fuscous, base narrowly ochraceous. 
Face very globose and prominent, head, including eyes, wider 
than anterior angles of pronotum, rostrum reaching posterior 
coxae. Long, female 36 mm., exp. teg. 95 mm. Hab.—Northi 
Queensland. 

Allied to M. intersecta, Walk., from which it differs by the 
more prominent face, spotted tegmina, different colour, markings,. 
etc: 

This species is in none of the collections here. The above is. 
the original description. 
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MACROTRISTRIA DODDI, Ashton. 


Macrotristria doddi, Asht. Proc. Roy. Soc. Vic., ii., p. 223, 
plea a, bz A912: 
Type specimen and two co-types, all males, in Coll. H.A. Hab. 
—Doubtful; either North Queensland or Northern Territory. 


MACROTRISTRIA INTERSECTA, Walker. 


Fidicina intersecta, Walk. List. Hom., i., p. 97, 1850. 

Fidicina internata, Walk. id. loc., p. 98. 

Fidicina prasina, Walk id. loc., p. 100. 

Cicada intersecta, God. and Frog. Proc. Linn. Soc. N.S.W., 
p. 584, 1904. 

Cicada sylvanella, God. and Frog. Proc. Linn. Soc. N.S.W., 
p. 582, 1904. 

Macrotristria intersecta, Dist. Syn. Cat. Hom. Cicad., p. 32, 
1906 ; id. Gen. Insect. 142, p. 26, 1912. 

Hab.—Queensland, Northern Territory. 

Specimens in Melbourne, Macleay, Sydney and Adelaide 

Museums, and Coll. H.A. 


‘MACROTRISTRIA EXTREMA, Distant. 


Cicada extrema, Dist. Ann. Mag. Nat. Hist. (6), x., p. 56, 

1892. | 

Macrotristria extrema, Dist. Syn. Cat. Hom. Cicad., p. 32, 

1906. 

Hab.—North Queensland, Northern Territory, North-West 
Australia. 

Many specimens in Sydney and Melbourne Museums, and in 
Coll. H.A., and South Australian Museums. | : 


MACROTRISTRIA DORSALIS, Ashton. 


* Macrotristria dorsalis, Asht. Mem. Nat. Mus. Melbne, (4), 
Pemoeiet. iv. fiewca, 1; 12: 
Types in National Museum, Melbourne. Co-types in Coll. 
H.A. Hab—Queensland, Kuranda. 


MACROTRISTRIA NIGROSIGNATA, Distant. 
_Macrotristria nigrosignata, Dist. Trans. Ent. Soc. Lond., p. 
673, pl. *xix., fie, 7 4, D. : 
Specimen in Sotith Australian Museum. Hab.—West Aus- 
tralia (Cossack). 
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MACROTRISTRIA FRENCHI, Ashton. 


Macrotristria frencht, Asht. Proc. Roy. Soc. Vic. 
Type, female, in Coll. H.A. Hab—Northern Territory. 


MACROTRISTRIA HILLIER1, Distant. 


Macrotristria hiltieri, Dist. Ann. Mag, Nat. Hist., 1907, Vee se 
413. 
Macleay and Adelaide Museums, Coll. H.A., Hab.—South- 
Western Australia. 


MACROTRISTRIA OCCIDENTALIS, Distant. 


Macrotristria occidentalis, Dist. Ann. Mag. Nat. Hast., TOige 
x, Pp. 430: 
South Australian Museum and Coll. H.A. 


MACROTRISTRIA VULPINA, Ashton. 


Macrotristria vulpina, Asht. Proc. Roy. Soc. S.A. 
Types in South Australian Museum, specimens in Coll. H.A. 
Hab—West Australia. 


MACROTRISTRIA MACULICOLLIS, Ashton. 


Macrotristria maculicollis, Asht. Proc. Roy. Soc. S.A. 
Type, South Australian Museum. Co-types in Coll. H.A. 
Hab.—North Queensland. 


SYNOPSIS OF SPECIES. 


A. Venation of tegmina broadly infuscated toward apex. 
M. angularis. Face and posterior pronotal margin castaneous. 
Thorax black, marked with yellow. 
M. maculicollis. Face and posterior pronotal margin black,. 
latter spotted with yellow.. Thorax black, marked with yellow.* 
M. thophoides. Face brownish, pronotal margins yellow. 
Thorax yellow marked with castaneous or black. 
M. occidentalis. Face very prominent, piceous. Thorax cas-- 
taneous or brown. 
B. Venation of tegmina more or less spotted with fuscous. . 
M.-‘doddi. Thorax brownish- ochraceous, much marked with: 
black. Abdomen piceous. 
- M. nigronerosa.. Thorax ochraceous, somewhat marked with 
black. Abdomen with yellow segmental margins. 3 


Australian Crcadidae. 103 


M. hillieri. Thorax black and castaneous. Abdomen black: 
front, very convex and prominent. 

C. Wings not or every faintly marked with fuscous. 

M. hieroglyphica. Thorax yellow, marked with castaneous. | 
Abdomen castaneous. 

M. godingi. Abdomen with yellow band toward apex. 

M. sylvara. Body mostly green. Abdomen piceous, tegmina 
faintly marked with fuscous on anastomoses and apical longi- 
tudinal veins. . 

M. extrema. Thorax green or yellow. Abdomen black with 
segmental margins yellow, robust, tegmina unspotted. 

M. intersecta. Thorax green, more marked with black than 
M. extrema, segmental abdominal margins yellow. Abdomen 
piceous to castaneous. | 

M. dorsalis. Thorax and abdomen yellow, black longitudinal 
dorsal patch on abdomen. Tegmina immaculate. 

M. frenchi... Body chestnut, head yellow, pronotal margins 
yellow. | 

M. nigrosignata. Body and head chestnut. Tegmina with 
basal cell black. 

M.vulpina. Body piceous to castaneous. Allied to M. hiiliert, 
but smaller, and tegmina unspotted. 


Genus Cicada, Stal. 
Type C. plebeja, Scop. (Asia Minor.) 
CICADA GRAMINEA, Distant. 


Cacadg graminea, Dist. - Ann. ‘Mag. Nat. Hist, 7, xiv., p- 
428, 1904. | 

Cicada queenslandica, Kirk. Canad. Ent., 41, p. 391, 1910. 

Female——Head and thorax grass-green, pronotum inclining to 
ochraceous (probably through discolouration). Head with basal 
and lateral areas to face, transverse fascia between eyes, basal 
margin and area of, ocelli, purplish-brown. Pronotum with two 
central lines (united anteriorly and posteriorly), and incisures 
purplish-brown. Mesonotum with two short obconical spots, 
on each side a longer spot, central lanceolate spot. Spot in front 
of each anterior angle of cruciform, elevation purplish brown, 
outwardly margined with greenish ochraceous. Abdomen above 
somewhat thickly greyishly tomentose. Body beneath and legs 
more ochraceous than abdomen, the latter with some central discal 
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transverse spots and some smaller sublateral spots purplish- 
brown. Tegmina and wings hyaline; tegmina with costal mem- 
brane and venation of basal areas greenish, remaining venation 
fuscous. Venation of wings greenish. Head truncate in front, 
half as long as space between eyes, and (including eyes) as wide 
as base of mesonotum. Anterior femora armed below with 
two strong spines. Posterior tibiae with three spines, placed on 
each side on apical halves. Rostrum not quite reaching posterior 
<oxae. Long, female, 76 mm., exp. teg., 85 mm. Hab.—Queens- 
land. 


Division DuNnpusrarRtiA, Dist. 
Genus Diceropyga, Stal. 
Type D. obtecta, Fabr. 

DICEROPYGA OBTECTA, Fabr. 


Tettigonia obtecta, Fabr. Syst. Rhyn, p. 35, 1863. 
Cosmopsaltria obtecta, Dist. Mon. Orient. Cicad., p. 67, pl. 
wijviag: ) 13 ajubjrigoo) 
Diceropyga obtecta, Stal. Ofv. Vet. Akad. Forh., p. 708, 1870. 
Dundubia bicaudata, Walk. List. Hom. Suppl., p. 6, 1858. 
Dundubia subapicalis, Walk. Journ. Linn. Soc. Zool., x., p. 
8/, 180725 
This species, the home of which is in Papua, was taken for the 
first time in Australia by Mr. J. A. Kershaw, in January, 1914, 
on Lloyd Island, near the mouth of the Claudie River, North 
Queensland. These-specimens are now in the National Museum, 
Melbourne. There are also specimens recorded from Queens- 
land, in the South Australian Museum. I have a number from 
Papua. 


GENERA OF DouBTFUL HapirTaT. 
Cryptotympana, Stal. 
Type, C: pustulata, Fabr. (China). 
CRYPTOTYMPANA PUSTULATA, F aii ys 
Cicada pustulata, Fabr. Mant. Ins., ii., p. 266, 1787. 
Tettigonia atrata, Fabr. id. loc., p 267, 1787 
Cicada atra, Sign. Rev. Mag. Zool., p. 406, 1849, pl. x., fig. 1. 
Fidicina bubo, Walk List. Hom., i., p. 82, 1850. 


Cryptotympana nigra, Stal. Hem. Fabr. ii., p. 6. 1869; God. 
and Frog., Proc. Linn. Soc., N.S.W., p. 592, 1904. 
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Cryptotympana pustulata, Dist. Mon. Orient. Cicad., p. 86, 

pl. xi., figs. 10a, b, 1891. — 

That this species has been found in Australia is very doubt- 
ful. It is recorded by Goding and Froggatt on the authority of 
one specimen, determined by Walker in the National Museum, 
“Melbourne. 

Several specimens in Coll. H.A., from China. 


Dundubia, Amyot and Serville. 
Type D. mannifera, Linnaeus. 
DUNDUBIA MANNIFERA, Linn. 


; This species is regarded by Distant (Syn. Cat. Hom. Cicad., 

1906), as of Australian habitat. Moulton in his published 
“* Material for a Fauna Borniensis,” follows Distant. It may, 
-of course, have been found here, but there are-no specimens from 
Australia in any of the museum collections I have examined. [ . 
thave, however, several specimens from Borneo and Java, and 
at is just conceivable that the range may include Australia. 


Sub-family GAEANINAE, Dist. 


This sub-family is distinguished by the partially cryptic tym- 
‘pana. The degree of concealment varies very considerably, the 
_ tympanal coverings being in some cases, as in Tamasa, almost 
«obsolete, and in others, such as Tettigia, fairly well developed. 
South America ‘is the home of the sub-family, practically all the 
larger species there belonging to the Gaeaninae. This sub-family, 
showever, is very poorly represented in Australia. 


Division CIcADATRARIA, Distant. 
Genus Tettigia, Amyot and Serville. 
Type, T. orni, Linnaeus (Europe.) 
TETTIGIA INTERRUPTA, Walk. 


Cicada interrupta, Walk. List. Hom., i1., p. 175, 1850. 
Tettigia interrupta, Dist. Gen. Ins. Fasc., 158, p. 3, pl. i., fig. 
la, b. 
_~Hab.—New Holland, Walk. The habitat of this species is, I 
think, somewhat doubtful. 
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I have not seen anything quite typical of the specimen figured 
by Distant in the Genera Insectorum, but I have one specimen. 
in my collecion—the only one I can refer to this species—from. 
Western Australia. The colouration of this specimen is darker 
than the one figured, and the fuscous fascia across the bases of. 
the apical areas of the tegmina only extend as far as the fourth, 


TETTIGIA BURKEI, Distant. 


Tibicen. burket, Dist. = Proc. Zool sock. 1882, p: 126; plavaae 
fe. 3 ay dD: . Ree cage 2 

Tettigia variegata, God. and Frog... Proc. Linn. Soc. N.S.W., 
1904, p. 594, pl. xviii., fig. 9, 9a. 

Tettigia burkei, Dist. Syn. Cat. Hom. Cicad., 1906, p. 74. 

Specimens in all Museums. ...Hab —Queensland. 


TETTIGIA HILLI, Metter} 


Tettigia hill, Asht. Proc. Roy. Soc., S.A. 

Specimens in Macleay Museum (labelled by Goding and {Pred 
gatt Tettigia tristigma, Germ.), South Australian Museum, 
National Museum, Melbourne, and Coll. H.A. (types). Hab. 
—Northern Territory (Darwin). | 7 


SYNOPSIS OF SPECIES. 


T. imterrupta. Fuscous fascia extending unbrokenly along: 
bases of apical areas. 

T. burkei. Fuscous spots to anastomoses and tips of apical: 
veins. = | 

T. hill. First two anastomoses only infuscated. 


Genus Tamasa, Distant. 
Type T. tristigma, Germar. 
TAMASA TRISTIGMA, Germ. 


Cicada tristigma, Germ. Silb. Rev. Ent., ii., p. 69. 
Tibicen kurandae, God. and Frog. Proc. Linn. Soc., N.S.W., 
1904, p. 603. 

Tibicen doddi, God. and Frog. Proc. Linn. Soc. N.S.W., 
1904, p. 602. | v AS 
Tamasa tristigma, Dist. Syn. Cat. Hom. Cicad., 1906, p. 75; 
id. Gen, Ins., Rasc:, 158, p. 4,:pl) i, fig. 3a; b,, 1914;.Ashe, 

Mem. Nat. Mus. Melb., pl. iv., fig. £1, 2,.1912, 


> 
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In all Museums. Hab.—Queensland, New South Wales. 

I do not feel at all sure that T. doddi, God. and Frog., is not 
entitled to specific rank. This species is without the three dis- 
tinct infuscations of the tegmina which give the name to Germar’s. 
species. Correlated with this feature is the considerably larger 
size. I have seen many large ranges of both these Cicadas. The- 
two exist in the same localities, without any intermediate forms 
to link them. At all events, I certainly must regard T. doddi as a 
distinct variety. 


TAMASA RAINBOWI, Ashton. 


Tamasa rainbowi, Asht. Rec. Aust. Mus. Sydney., ix., 1, 1912, 
p. 106, fig. 41 a, b. } : 
Types, male and female in Australian Museum (Sydney). 
Hab.—Northern New South Wales. 


SYNOPSIS OF SPECIES. 


T. tristigma. First two anastomoses and apex infuscated im 
tegmina. 

T. rainbowi. All anastomoses and tips of longitudinal veins. 
infuscated. 


GENERA OF DoUBTFUL HABITAT. 


Goding and Froggatt include Tympanoterpes hilaris, Germ.,. 
Huechys vidua, and Gaeana maculata, Drury, amongst the Aus- 
tralian Cicadas. I do not know their authority for the first, and 
the authority for G. maculata is one specimen out of three in the 
South Australian Museum, Adelaide, labelled :“ Northern Terri-. 
tory.’ It may be Australian, but that evidence is not good. 
enough. I have T. (Proarua) hilaris from S. America, and G. 
maculata from China. I certainly cannot consider them as Aus- 
tralian on the available evidence. 


[Proc. Roy. Soc. Vicrorra, 33 (N.S.), 1921] 


Arr. VITI.—Note on the “ Dimpling” of Granite Hills in 
Sub-Arid Western Australia. 


By J. T. JUTSON. 
(With Plate V., Figures 1, 2.) 


[Read 12th August, 1920.] 


In the south-central sub-arid portion of Western Australia, a 
darge number of low and comparatively small isolated hills of 
granite rise above the surrounding elevated plain or plateau, 
which forms so marked a feature in Western Australian physio- 
graphy. These hills are usually almost, if not entirely, destitute 
of vegetation and of soil, and they are like minute scattered 
islands rising from the sea of ordinary vegetation-bearing coun- 
try. They have played an important part in the exploration and 
opening-up of the interior of Western Australia; for it is at their 
feet, or on their sides that “ soaks ” or rock holes, carrying water, 
may be found. It is on such supplies that the aborigines largely 
depended, and they were a most valuable aid to the white man in 
penetrating to the arid interior of the continent. 

These hills show the usual rounded flowing surface—due to 
spheroidal weathering—common to granite in many parts of the 
world; and also the boulders that result from such weathering. 
‘They, however, differ from the moister areas in the peculiar 
undermining and hollowing out from below upwards of many of 
the boulders, the result of which processes is to be seen in the 
‘grotesque forms often assumed by the granite. 

In addition to these features, several hills that the writer 
has seen—and doubtless what is to be described is a common 
phenomenon—show, when examined in detail, a peculiarly ir- 
regular, although still rounded, outline. This feature is due to 
the occurrence of a number of shallow cavities or holes, and the 
general effect is a dimpled appearance of the surface. Hence 
the term “ dimpling”” may be used to indicate the process by 
which such cavities are formed. The “dimples” are circular, 
elliptical or oval in outline, are from two to three feet to ten 
feet or more in their longer diameters, and are from a few inches 
to three or four feet deep at their deepest part. Their walls 
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may be approximately uniform in height, but frequently, opposite. 
walls taper to a low lip over which surplus water may pass. The 
“dimples” may be scattered irregularly over the surface of the: 
hill, or they may be collected along somewhat definite lines, such. 
as a drainage furrow incised by erosion in the side of the hill,. 
in which latter instance they form a series of hollowed-out steps ;: 
or both classes may occur. Rain water remains in, these shallow 
holes usually but a short time. | 

The granite hills known to the writer on which the characters. 
described may be observed, are the 19 Mile Rocks situated about. 
17 miles east-north-east of Goongarrie railway station’, and at. 
the Donkey Rocks, about 18 miles farther east-north-east; also: 
to a less extent at the 22 Mile and 25 Mile Rocks, to the east 
of the 19 Mile Rocks. 


With regard to the mode of formation of these “ dimples,’’” 
they are probably formed in much the same way as the more> 
normal rock or “ gnamma ” holes, of which the “ dimples ” merely 
form a variety. The mode of formation of “gnamma” holes. 
has been discussed by Maclaren, by Talbot and by Woodward.. 
Maclaren? favours solution as the essential process, the narrow 
openings of some holes being due to a hard surface crust resisting 
erosion more than the rock below. Talbot? believes that they 
may have originated either by the decay of a rock with more: 
felspar than the adjacent rock, or by a shallow crack in the 
granite. Solution by water charged with carbonic acid would 
enlarge the incipient hole, and animals and aborigines would still’ 
further enlarge them by scratching the sides, and removing the- 
weathered rock to obtain the last drop of water. Woodward’s. 
ideas* are practically the same as Talbot’s, except that he does. - 
not refer to the possibility of a crack or joint facilitating the- 
commencement of a hole, although one of his figures shows the. 
effect of a joint in the making of a hole. Woodward suggests 
that a beginning may be made by the more rapid weathering- 
out by water of segregations in the form of pegmatitic bunches. 
than of the containing rock. Animals then scratch out the re-- 
maining grit. 


1. This railway station is on the Kalgoorlie-Leonora line, and is about — 
55 miles north of Kalgoorlie. 

2. Maclaren, J. M.—Geol. Mag., 1912, pp. 301-304. 

3. Talbot, H. W. B.—Bull. 45, Geol. Surv.,.W.A. (1912), pp. 38, 39. 

4, Woodward, H P.—Bull. 57, Geol. Surv. W.A, (1914), pp. 33-35. 
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The present writer does not at present desire to discuss the 
mode of origin further than to state that he agrees with the 
:authors just mentioned as to the commencement of the hole 
being in some instances due to more easily eroded portions of 
the rock surface, than other portions, and also as to the effect 
of joints and of solution in the formation of various gnamma 
holes. With»*regard, however, to the “dimples” the subject of 
this paper, joints, so far as the writer has observed, have had 
little or no influence in the excavations. Solution on the other 
hand has undoubtedly played an important part. In the case of 
““dimples”” formed along a drainage furrow on* the side of a 
hill, the mechanical action of water, when the holes overflow 
-after heavy rain, and the water passes from one hole to another 
‘by a series of low waterfalls, must, to some extent, be responsible 
for the erosion. 


DESCRIPTION OF PLATE V., Figures 1, 2. 


bf 


Fig. 1—A series of “dimples” in an erosion furrow on a side 
of the granite hill. The furrow commences at the top 
towards the right hand side, and runs to the centre of 
the photograph. 19 Mile Rocks. 


Fig. 2—An individual ‘“ dimple” or rock hole on a side of the 
hill. A channel is being cut backwards towards the lip 
of the hole-owing to the overflow at the lip. The hole 
is empty, but the height that the water reaches is clearly 
shown on the photograph. 19 Mile Rocks. 


Proc. R.S. Victoria, 1921. 


Figure 3. 
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Arr. VIII.—An Example of Gravitational Drift of Rock 


Debris in Parallel Lines in Sub-Arid Western Australia. 


BY a. 1. SU TSON. 
(With Plate V., Figure 3.) 


[Read 12th August, 1920.] 


Gravitational Drift of Rock Debris in General. 


One of the most striking features of portions of the interior 
-of sub-arid Western Australia is the widespread surface cover- 
ing of fragments of the hardest rocks. These fragments may rest 
on bedrock, or, as in most cases, on the surface soils; and the 
-action of rain and wind removes any fine material that lodges 
on or between such rock fragments, so that the stony character 
-of the ground is maintained over wide areas. These rocky frag- 
ments are usually not more than three or four inches in size, and 
-are frequently less than this. They form in places the “ pebble 
armour of the desert,’ as described for other areas, by Hobbs! 
-and by Mawson’. Such areas are also termed “ stone fields.” 

_ This rock debris must often have travelled considerable dis- 

‘tances, but the rocks that do so are only the hardest, such as 
‘quartz, dense ironstones and jaspers. Fragments of most other 
‘rocks, even those usually regarded as hard and weather-resisting, 
such as some fine-grained basic ones, are practically never found 
far from the parent rocks, showing that their disintegration must 
be comparatively rapid. This fact 1s of value in geological 
-mapping. } 7 

As to the mode of travelling of the hard fragments, the direct 
‘transporting action of water seems, except along the beds of some 
watercourses, to be out of the question. The travelling rock 
-debris, however, is not restricted to these watercourse beds, 
but is found in all positions, and, amongst others, on gentle 
slopes where nothing but gentle rills of water, without any de- 


6 


1. Hobbs, W. H.—‘‘ The Erosional and Degradational Processes of 
“Deserts, with Especial Reference to the Origin of Desert Depressions.” 
Annals Assoc. Am. Geog., Vol, VII., p. 48. 

2. Mawson, D.—‘“ Geological Investigations in the Broken Hill Area.” 
‘Mem, Roy. Soc., South Aust., Vol. II., 1912, p. 230. 
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fined channels, at times flow, and these are quite unable to move: 
the rock debris’. . 

Such debris seems to travel slowly along by mere gravitational. 
drift, aided or brought about by the removal of the underlying: 
soil by rain and wind, on account of which the fragments topple: 
forward. The “clawing” action of rain, which the writer has. 
already described‘, is a potent factor in this respect. | 

As a general rule there is no particular arrangement of the: 
rock debris except in the case of the remarkable mosaics, or 
“desert pavements,” and in the example to be now described. 
of the drift of the rock debris in parallel lines. 


Gravitational Drift of Rock Debris in Parallel Lines. 


The example of this parallel drift occurs on the floor of 
Lake Goongarrie, a “dry” lake immediately to the east of the: 
mining township of Goongarrie, which is 55 miles north of 
Kalgoorlie. The bed rock is a compact, almost black, shale,. 
somewhat indurated, which breaks easily under the hammer in. 
hand specimens, but which, when it forms a floor, as it does here,. 
is quite firm. The shale is well laminated and strikes about 
N. 10° W.; it is ‘practically vertical, but dips if anything to the 
west. At the precise locality referred to, it is quite free from. 
debris, except for the quartz detritus to be presently described. 
In the shale is a quartz reef, with approximately the same strike 
and dip as the shaleitself. This reef is a foot or more thick, and. 
some yards in length. It projects from two to four feet above 
the shale. The reef is breaking down into fragments of various. 
size, and these fragments drift over the shale away from the reef. 
This drifting material protects, to some extent, the shale from: 
erosion, so that the ground rises into a low hillock, culminating” 
in the quartz reef, a few feet above the surrounding ground. 
It is on the eastern side of this reef that the example referred 
to occurs, and the greatest inclination (which however, is only a 
few degrees) of the ground on this side of the reef is to the 
east, and at right angles to the strike of the shales. Water 
falling on the hillock on the eastern side of the reef therefore 
flows across and not with the strike of the shales. 


3. See Jutson, J. T.—‘‘ Sheet-flows, or Sheet-floods, and their asso-— 
ciated phenomena in the Niagara District of sub-arid south-central West-— 
ern Australia.’ Am, Journ, Science, Vol, XLVIII. (1919), pp. 435-439. 

4. Proc. Roy. Soc. Vict., Vol. XXXII. (N.S.),, Part I7 (1919), pp. 20-21, 
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On this eastern side of the hillock, the white quartz debris. 
(which is in fragments of all sizes up to six or more inches. 
in length) is arranged in parallel lines, which are in turn parallel 
tc the strike of the rocks, with spaces between the various lines, 
free or largely free, from the quartz debris. These interspaces, 
therefore, are the colour of the underlying shales, which here 
are almost black. There are thus more or less alternate dark- 
coloured and white bands parallel to one another and to the 
strike of the rocks, represented by the shales and by the quartz. 
debris respectively. The width of the bands varies from about. 
three to six inches. The dark-coloured areas. are. not entirely 
free from quartz, nor are the quartz bands quité continuous, but. 
distinct parallel bands do exist as described above. 

As regards the mode of formation of these parallel bands, 
the direct action of rain must be excluded. No fall would be 
sufficient to remove the larger fragments of quartz. Moreover 
the inclination of the ground, and consequently the flow of 
water when rain falls, are across and not with the parallel 
bands, and hence the rain could not form the furrows described. 
below. It may also be noted that immediately after rain, the 
banding is much less distinct, in consequence of fine sand being 
washed out from the quartz bands on to the shale bands. The 
only possible explanation of the banding that occurs to the writer 
is that the wind is mainly responsible. Fine sand is available 
from the quartz decay, and from adjacent areas. The shales. 
are eroded differentially by ordinary disintegration and weather- 
ing along their line of strike in their exposed parts, that is,. 
where the quartz rubble is scarcest. The wind sweeps this dis- 
integrated portion away as well as probably rasping the surface 
with the fine sand available. This tends to create a furrow 
running at right angles to the slope of the ground. In addition, 
the quartz rubble becomes undermined by removal of the under- 
lying shales by the same action, with the result that the quartz 
fragments topple forward—no doubt gradually—and fall into 
the furrow. The “ridge” lately occupied by the quartz debris. 
then similarly becomes furrowed, and the band of quartz debris: 
behind, then occupies such furrow. Thus there is a slow gravi- 
tative drift of the quartz debris in parallel lines, and at the 
same time the shale surface is gradually being lowered as a 
whole. The furrows formed in this way are somewhat akin to 
the “yardangs” of arid North America and elsewhere. 
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The suggested explanation has objections to it. A number of 
loose stones of various sizes and shapes would apparently move 
forward, even under the special conditions of furrowing postu- 
lated, at very different times, and thus the parallelism of the lines 
would be destroyed; and before it was regained, practically the 
whole of the stones on the “ ridge” would have to fall into the 
furrow. This could possibly, and perhaps does, as suggested 
above, occur, since the stones remaining on the ridge would con- 
tinue to be undermined, whilst those reaching the furrow would 
escape this process for the time being. Such a peculiar combina- 
tion of conditions may occasionally result, but it could hardly 
be expected to ‘be widespread, and apparently it is not. The 
matter is brought forward so that further instances in Western 
Australia or elsewhere might be searched for and studied in the 
field. So far as the writer is aware, no other example of gravi- 
tational drift of rock debris in parallel lines has been recorded. 

Tolman® has emphasized the importance of a “desert pave- 
ment” as a protection of the underlying rocks against erosion. 
Such pavements of ‘quartz occur at Goongarrie, and will be 
described in another paper. The present paper, however, shows 
that where the pavement is not complete, although there is a 
measure of protection, yet considerable erosion may take place. 
It may be remarked in this connection that S. Géczel® had as 
early as 1894 pointed out that the pebble-covered areas were a 
protection against wind erosion of the underlying material. 
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Fig. 3—The white quartz debris is derived from the reef in 
the background. Bands of black shales are shown 
alternating with parallel bands of quartz debris, espec- 
ially in the foreground. The bands are parallel to the 
strike of the shales. 

Floor of Lake Goongarrie. 


5. Tolman C. F.—‘“ Erosion and Deposition in the Southern Arizona 
Bolson Region.” Journ, Geol., 1909, Vol. XVII., p. 149. 

6. Godezel, S.—‘‘ Report on the Central Goldfields of Western Australia,” 
Appendix V., pp. 24-33. _Ad Interim Report of the Department of Mines 
for half-year ending 30th June, 1894. 
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Art. IX.—Possibilities of Modifying Climate by Human 
Agency, with Special Application to South-Hastern Australia. 


By E. T, QUAYLE, B.A. 


(Supervising Meteorologist, Commonwealth Meteorological Service). 
[Reap 9th SepremBer, 1920. | 


Many attempts have been made by more or less violent means 
to compel the atmosphere over dry areas to part with its moisture, 
and all have been futile. In the following paper, evidence is 
brought to show that methods more in accord with Nature’s re- 
quirements are actually successful. 

The proofs, or evidences, are mainly dependent upon the rain- 
fall data controlled by the Commonwealth Meteorological Ser- 
vice, and deal only with the Southern parts of Australia. 

The most important climatic conditions in any one latitude are 
in general dependent upon the distribution of land and water 
areas. As this is mainly so on account of the difference in eva- 
poration from them, we may substitute for water areas the term 
‘evaporation areas.” It is possible to conceive of sufficient eva- 
poration for abundant rains from areas remote from the ocean, 
though, of course, under the planetary condition of atmospheric 
circulation, it may be impossible to make any inland district ab- 
solutely self-contained as regards its water vapour. Evaporation 
results have shown that a land surface, if well grassed, may give 
rise to greater evaporation than a water surface. This is also 
probably true of forest coverings in the ordinarily moist climatic 
regions, though not, I think, of forests in countries subject to 
prolonged droughts, times of very low humidity, and high tem- 
peratures, such as is the case in inland Australia. Our forest 
vegetation has to become specially adapted to meet drought con- 
tingencies. Taking, for example, the forest covering of our 
Mallee districts, consisting mainly of various species of dwarf 
Eucalypts, one cannot fail to be struck by its unmoved appear- 
ance after the worst of droughts, even the 18 months’ drought 
wf 1913-14-15, and the serious summer drought of 1911-12, leav- 
ing the trees as fresh looking as ever. Of course, there was prob- 
ably not the usual amount of growth, but the trees had not lost 
‘much of their vitality. 

Quite apart from the results of experiment in measuring plant 
transpiration, it would thus appear obvious that these trees 
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possess remarkable control over their rate of transpiration, suclr 
that at the first hint of drought pressure, they declare a state 
of siege by closing their stomata. Assuming that they. do this. 
during the first warmth of spring they will contribute little to- 
wards the humidity of the atmosphere during the periods of 
east to north winds and falling barometers preceding the ap- 
proachng ‘“lows.’’ They are too much on the defensive to aid. 
in rain production. 

This is, however, not the case with growing crops, such as: 
wheat, oats, etc., which obviously wilt in the hot winds, or with. 
mest of the grasses. As one of the main objects of cultivation in. 
the dry areas is to store moisture in the soil for the use of the 
growing cereal crops, it is almost essential for successful crop- 
ping that the land should lie fallow for twelve months, and be 
occasionally worked to prevent weed growths dissipating the 
water content of the subsoil, and, as this is drawn upon most in 
the spring months, the plants must then transpire freely. They,. 
therefore, contribute generously to the atmospheric humidity, and 
so aid in producing conditions favourable for rain. This rea- 
soning suggested a test. If this is correct, stations in the older 
Mallee areas, or those in the south-eastern edge of the cultiva- 
tion area, which is gradually increasing by encroachment upon 
the Mallee in a north-westerly direction, might be expected to 
show some slight improvement in their spring conditions as com- 
pared with old stations beyond which no great advance has yet 
been made. This might be shown by rainfall or temperature,. 
cr by both. 

To test the matter, the following groups of stations were: 
chosen :—Tyrrell Downs, Swan Hill, and Kerang to represent the 
remoter and least benefited portion; Charlton, Lake Marmal and 
Wychitella South, the area which might be the gainer from the 
substitution to north-westward of cereal crops and grass for 
Mallee scrub. The area separating the two groups is about 55 
miles across. Kerang was assumed to be too far north to bene-- 
fit, but both that station and Swan Hill are south-east from areas: 
Leing rapidly developed by irrigation, and should be in a dif-. 
‘ferent category in the years to come. All of these stations have 
rainfall records as far back as 1885, and this was chosen as the: 
starting point. Comparisons were made of the mean rainfalls 
for the three following decades, 1885-94, 1895-1904, 1905-1914. 
The results were quite favourable to the theory. Two groups of 
spring months were chosen—September and October, and 
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August to November, though the last might possibly have been 
better with November out of it, as in some years the grass is 
dry, and the crops nearly ripe long before the month is ended. 
‘The rainfalls for these periods were expressed as percentages 
of the annual amount, and these are shown in the following 
tables :— . 


(a) Stations Too Far Nortu or Nortu-West To BENEFIT BY 
SPREAD OF CULTIVATION. 


Swan HILL. KERANG. TYRELL Downs. 
Period. Percentage of Annual Percentage of Annual Percentage of Annual 
Rainfall. Rainfall. Rainfall. 
Sept.-Oct. Aug.-Nov. Sept.-Oct. Aug.-Nov. Sept.-Oct. Aug.-Nov. 
1885-1894 - 18-1 - 38:4 184 - 35°7 186 - 39:3 
1895-1904 - MOS = BOR 179 - 36:0 158 - 350 


1905-1914 - Led. =, SLs 15°7 - 30°4 17‘4 - 32°3 


(b) Starions BENEFITTING, IF AT ALL, BY SPREAD OF CULTIVATION. 


LakE MARMAL. WYCHITELLA S. CHARLTON. 
Period. Percentage of Annual Percentage of Annual Percentage of Annual 
Rainfall. Rainfall. Rainfall. 
Sept.-Oct. Aug.-Nov. Sept.-Oct. Aug.-Nov. Sept.-Oct. Aug.-Nov. 
1885-1894 = - 184 - 38°5 16°76 - 36°25 LTT = 8G 
1895-1904 195 - 36.5 178 - 345 19°16 - 345 
1905-1914 = - 19°05 - 35-1 18°56 - 339 17°96 - 33°5 


In the first group the September-October rains declined by 
mo 2./,and 1.2 per cent., giving a mean decrease of 2 per cent. 
In the second group there were increases of 0.65, 1.84 and 0.26 
‘per cent., giving a mean rise of 0.9 per cent., or a relative gain 
for that period of about 3 per cent. of the annual total, or about 
-half an wich of rain. For the four months’ period for (a) we 
wet decreases of 6.9, 5.3 and 7.0 per cent., giving a mean ‘of 
64 per cent. For (b) the declines were 3.4, 2.3 and -3.0 per 
cent., giving a mean of 2.9 per cent., or a relative gain of 3.5 
per cent., thus suggesting that the benefit is not quite limited to 
the two months, September and October. 

The assumption with regard to this selection is, of course, that 
in (a) we get simply the effects of periodic seasonal variation, 
and with (b) we get the periodic variation plus that due to the 
change of environment. If the deduction is correct, we have 
quite a marked improvement in spring conditions at Lake Marmal, 
_ Wychitella South, and Charlton, owing, we will say, to the eva- 

poration from wheat and grass lands lying to north and west of 
them. 7 

It might be said that any gain in the spring rainfall would be 

at the expense of the rains of other ‘parts of the year. It is not 
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probable, I think. As regards the three winter months—May, 
June and July—the smallness of the iatitudinal temperature 
gradient, aided by the more rapid cooling of continental areas, 
enables even the most ordinary type of Antarctic disturbance to: 
bring rain as far inland as the Murray River, and in summer 
thunderstorm tendencies over the Mallee will be greater with the 
alternation of ploughed fields and narrow timber belt than they 
would be with the uniformity of Mallee scrub, and its tendency 
te cool the lower levels of the atmosphere. The experience of 
aviators tends to confirm this last. 

That the gain in this case was not confined to the spring months. 
is evident by the following tables, showing the mean annual 
totals :— 

1885-94. 1895-04. 1905-14. 


Swan, Bill vc. ie ret) 155) aa eee 
Tyrrell DownsSictctes os 4 Los ios eo ee ea 
Keratie’ oo See oe eee SLO tee eget ee eee 
Means 1/44 vate me Upp iggliiou® sqeggrye? 12:62 

1885-94. 1895-04. 1905-14. 

Chariton car. 5. Pee IB S9 Ba OL eer iGee a, 
Mirmaliins sorted "a5 Me agealoe Freee S20 aa 
Wrychitella "7... %. ee POO, =. ~lc.0or o.. Neice 
Wea TA a 9s cael ge 


Calling the first 1885-94 group mean A, and the second 1885-- 
94 group mean B, the other means may be expressed as per- 
centages of these as follows :— 


A, .69 A, and .79 A, and B, .74B, and .86B. 

These show relative gains of B over A of 5 per cent., and 
7 per cent., or actual annual gains of about 0.9 and 1.2 inches. 

It may be added that, in the selection of stations, no attempt 
was made to pick, and choose. The first selection was the one 
used. Kerang is not, however, quite as well situated as the others. 
for the purposes of this investigation, but it was the only other 
Victorian outpost station with long enough record. The results. 
from two others might have been given. Waitchie, about mid-. 
way between Tyrrell Downs_and Swan Hill only goes back to: 
1893, but well supports the former, and Murray Downs, which 
is on the New South Wales side of the Murray, supports Swarm 
Hill. 

Substituting these for Kerang, we get the following results, 
which quite support the spring difference between the two rain- 
fall groups, and indicate an even greater annual difference. The 


Modifying Climate. 119 


mean annual rainfall for the saber successive decades for Swam 
Hill, Tyrrell Downs, Waitchie, and Murray Downs, are 15.6 
in., 10.9 in., and 11.9 in., giving A, .69 A, and ./6 A. 


Creation of Water Surfaces. 


It is perhaps not possible to store water in such amounts. 
inland, as to distinctly increase the general humidity of the at- 
mosphere, but “every little helps.’ It is possible that the rain- 
fall averages along the shores of some of our land piercing inlets. 
may be indicative of future possibilities. There are two very 
suitable for examination—Spencer’s Gulf and Port Phillip Bay, 
and it fortunately happens that the shores of both are fairly. 
well lined with rainfall stations. 

The length of Spencer’s Gulf is great compared with even 
its greatest width, hence winds bearing rains from the open ocean. 
are confined to a small angle, and this is so nearly due south 
that but little rain could be brought in from that direction. Ex- 
cept near the entrance, where elevated land just inland from 
stations on the western shores of the Gulf gives these an increased. 
rainfall, the western stations have a distinctly lower rainfall than 
the eastern ones. This difference appears to be about 24 inches 
50 miles from the entrance, where the Gulf has a width of about 
70 miles, and slowly increases to 3 inches as far north at Pt. 
Broughton, where the distance from the entrance is about 130 
miles, and the width 32 miles. Thence it diminishes to zero at 
the head of Port Augusta. 

If Spencer’s Gulf were silted up, it would be incredible that. 
the rainfall on the resulting low level plain, especially in its 
northern portion, should be superior to that of, say, Yardea or 
Nonning, which stand on plateux of about 1000 feet in eleva- 
tion to westward. As the average rainfalls of these stations 
are only about 10 inches, the rainfall near the head of the Gulf 
should almost certainly be less, say, about 8 inches. This would 
make the narrow strip of water forming the northern part of 
the Gulf responsible for an increase of 3 to 4 inches on the 
western shore, and 5 or 6 inches on the eastern. 

For the sake of more definiteness as to the effect of evapora- 
tion from the waters at the head of the Gulf in increasing the 
rainfall, I have analysed the rainfalls at four of the stations with 
regard to the chief wind directions. The stations are Port Pirie 
and Hummock’s Hill, Pt. Lowly and Germein. These form 
opposing pairs. Between Pt. Pirie and Hummock’s ‘Hill the 
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Gulf is about 19 miles wide, though, owing to coastal irregu- 
larities, the two places are about 28 miles apart. Point Lowly 
and Point Germein are 12 or 13 miles apart on opposite sides 
of the base of a narrow triangular water area, the apex of which 
is 45 miles further north. Owing to the way Pt. Lowly pro- - 
jects into the Gulf, it is only about 30 miles from Pt. Pirie, in a 
north-westerly direction. All four stations are practically at 
sea level. The wind directions were determined from the 9 a.m. 
weather charts, and it was, therefore, necessary to deal with the 
total wind change in 24 hours, which, of course, varied consid- 
erably. These total variations were grouped as follows: Winds 
veering (a) from north through west to south by west, (b) 
from north through west to west-south-west, (c) from between 
west-south-west and south by west; (d) winds with an easterly 
component (e) indeterminate, as in purely cyclonic circulations. 
Seven years’ daily records were used, and the results for each 
year (1911-1917) are shown in the following table :— 


N. through W. to 8. by W. N. through W. to W.S.W. W.S.W. to S. by W. 
| ee ——_—_~ 
a) 2 w = ’ x) 
Year. 2 38 ue 2 3 ihe 2 $8 : 
|. & & Lee Rs e.\4e Sel 2 ae 
6 Mee Werle ie -e e &. «ids 2 see 
a Hewes © mm ao gy ee eee ee 
1911 | 159 14 162 65 Way) 25 87 56 293 : yA 324 7 
1912 59 68 37 24 262 142 196 136 264 151 293 205 
1913 94. 67 63 43 QA 94 229 158 138 29 ]24 31 
1914. a 10 14 18 68 De 70 78 «1 32 4 10 11 
1915 ff —_— 6 — 3892 238 340 228 2eil 89 210 159 
1916 | 196 99 106 —72 516 2385 444 361 475 179 364 252 
1917 108 49 72 63 582 369 432 374 165 48 98 72 
Sums 660 407 460 285 2231 1140 1798 1391 1588 657 1423 907 
Means 94. 58 69 Al ale” 167° 257 199 227 94. 203 130 
Easterlies. Intermediate. Annual Totals.. 
eee Mies ea 2 Te 
Year. 2 3 < 5 2 $ ra 6 2 3 3 
a) ea hee a =) = Wh ge aaa 2 2 2 20ee 
ome 2a. & Saye case ics < i)» ines 
4911 388 334 336 446 266 643 289 237 1275 1273. 1201 one 
1912 866 533 421 405 3460) ook, 265. 218 1294 1224 ~ T207 992 
1913 265 465 242 300 262 278 214 258 1011 945 875 790 
1914 479 777 415 552 218. Vl... 16745179 836 986 695 839 
1915 129° 223 70 200 599 407 452 576 1348 958 1180 1183 
1916 429 588 405 . 517 331 °360 264 300 1950 1461 1598 1506 
1917 391 582.. 361.- 472 -| +717 552:, 612). 650 1942 1600 1592 16382 
Sums | 2447 3502 2353 2892 | 2734 2702 2266 2418 9656 8447 8360 7948 
Means! 350 500 336 413 391 386 324 3465 1379 .1207 1194 1135 
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The results are very interesting. Comparing Port Pirie and 
4Hummock’s Hill we see that as regards winds from the western 
hhalf-circle, half the total rain at Port Pirie comes with winds 
from between N. and W.S.W., and for these the average gain 
per annum over Hummock’s Hill is 14 inches, the rainfall being 
apparently increased by that amount and almost doubled by 
‘moisture taken up from a 20-mile stretch of water. The same 
proportion holds for the westerlies in general, which give 318 
points to Hummock’s Hill, and 640 to Port Pirie. 

Now, taking the winds with easterly components, the gain to 
Hummock’s Hill over Port Pirie is nearly as substantial, the 
Port Pirie rainfall of 34 inches under easterly winds being raised 
‘to 5 inches from the moisture picked up in the passage over 
the water. This is perhaps even more than one would have ex- 
pected as in some instances the rain clouds would be moving in 
a different direction from the surface winds, and would carry 
back to Port Pirie some of the added moisture. 

Similar results are to be obtained from other comparisons. 
For example, taking Point Lowly and Port Germein; for winds 
between N. and W.S.W.—these not traversing the greater areas 
of the Gulf—the relative gain to Port Germein is 0.58 inch, and 
for easterlies, the relative gain to’ Pt. Lowly is 0.77, which is 
quite as much as one would expect considering the nearness of 
the two stations, and the way Pt. Lowly projects into the Gulf, 
enabling it to gain not only from easterly winds, but at times 
from northerly or even west-south-westerly winds. 

It would thus appear that out of the ten inches of Port Pirie’s 
rainfall under definite wind direction, at least 34 inches come 
from the adjacent waters, and if the same proportion holds for 
the indeterminate portion, the total gain will be at least 44 inches. 
Hence, if the Gulf were silted up, its annual rainfall would 
mot exceed 9 inches, and would probably be less, thus bearing 
out the previous more generally derived opinion. 

The rainfall data from Port Phillip Bay are equally striking, 
stations on the Eastern shores receiving up to ten inches more 
than Western stations in the same latitude. 

It is hardly necessary to remark that it is in rainy weather 
the principal additions to the rainfall must be made by local 
evaporation. Under generally anticyclonic conditions, as in some ~ 
of our great drought years, the rains must largely fail; but the 
value of the increased amount in more favourable years is not 
thereby lessened. 
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In this latter respect Southern Australia enjoys a position dif- 
ferent from that of some almost rainless countries, such as. 
Egypt, where, in spite of irrigation on a grand scale, no marked. 
increase of rainfall is observed. When the upper air has a 
humidity consistently much below that necessary for rainfall, 
the provision of any limited evaporation area is not likely to bring 
iit up to the point of rain production, but in Southern Australia. 
the upper air is sufficiently humid for a little rain with the pas- 
sage of almost every Antarctic disturbance. This may help to 
explain the marked assistance which this paper suggests evapora— 
tion areas to have towards rainfall production. In the very 
dry central portion of the continent it might be much more dif- 
ficult to trace such effects. 


(2) By Irrigation. 


In the south-eastern portion of the continent fairly extensive 
schemes have been brought to partial fruition, the chief of which 
are the fruit-growing areas at Mildura, Merbein, Renmark (in. 
South Australia), and Curlwaa (in New South Wales), all near 
the extreme north-west corner of Victoria, and probably giving: 
some 30,000 acres of fully irrigated lands. Then, upstream, along” 
the Murray, are areas irrigated for lucerne and fruit at or near 
Swan Hill, Cohuna, Koondrook, etc.; aggregating in 1912-13 some: 
90,000 acres. From the Goulburn some 60,000 acres more were: 
irrigated in the same year. As most ot this area would be rather’ 
dry in average years—certainly the 120,000 acres directly irri-. 
gated from the Murray and Loddon would be—there must be: 
considerable evaporation from these, which would not be avail-- 
able under purely natural conditions. To-these are being added. 
considerable areas in Victoria, and the comparatively large Mur-- 
rumbidgee irrigation areas in New South Wales supplied from 
the Burrinjuck reservoir. 

These schemes have all been undertaken without reckoning 
upon any climatological improvement as the result. But it 1s. 
probable that even from that point of view, we shall have interest. 
for our money, and not simple, but compound, interest. If the 
rainfalls on the eastern and western shores of Spencer’s Gulf and. 
Port Phillip Bay are any guide, a 20 mile expanse of water 
may increase the rainfall by several inches, and, as the evapora-- 
tion from irrigated areas is at least equal to that from ocean. 
surfaces, and the irrigated areas are already large enough, stations 
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to south-east and south from these should show some benefit from 
them, at all events during the chief growing season. 

In dealing with the effects of sheets of water upon our own 
climate I have already shown the benefits derived by parts of 
South Australia from the Spencer Gulf, even as far north as 
Port Augusta, and especially around Germein Bay, from a sheet 
of water twenty miles across. Not many of our storages would. 
compare in area even with this body of water, but it has to be 
remembered that the surface of the reservoir is multiplied many 
times by any effective scheme of irrigation. For example, the 
Burrinjuck reservoir has an area of only 20 square miles, but 
will hold at any one moment water enough to irrigate to a depth 
of one foot 771,000 acres, or 1200 square miles. If such an 
area as that could be irrigated, the evaporation resulting would 
be such as to have a most important effect not only upon the 
rainfall of the adjacent areas, but upon the precipitation over 
the area feeding the reservoir itself. 

So far, only some 40,000 acres are occupied for the purpose: 
for which this storage was made, but in Victoria in 1916 a total. 
of 288,000 acres were under irrigated culture. When the 
1,000,000 acre foot storages on the Upper Murray and the Sugar 
Loaf scheme on the Goulburn are added to the Burrinjuck, 
and the various other storages completed or projected, the area. 
can be vastly increased. : 

Data from stations bordering on or within the irrigation areas: 
give some indications of rainfall effects, but these are necessarily 
indefinite. The uncertainties as to the distribution of the areas. 
under irrigation, the crops irrigated, whether of grass, wheat,. 
lucerne, etc., and the variation in effect owing to differences in 
the character of the seasons, etc., make only very approximate 
estimates possible. Before 1891, when the Goulburn Weir was. 
constructed the area of land irrigated must have been infinitesi-- 
mal, and up till 1895, owing to abundant rains, there was little 
need for irrigation. The county of Rodney was the most fav- 
ourably situated to make use of the Goulburn supplies, but this. 
was not completely reticulated till 1904, by which time the War-. 
anga basin was under construction. In 1904-5 the total area 
irrigated was 166,000 acres. Of this Rodney had 40,000, Tra-. 
gowel 29,000; Cohuna 29,000, Macorna 11,000, Swan Hill 10,000, 
Wardilla 9000, etc. This rapid development was owing to the 
series of drought years which culminated in 1902. By 1906-7 the 
area was less, rose to 232,000 in 1907-8, another drought year, 
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and fell to 130,000 in 1909-10, a very good season. Then, on 
to 1914, the increase was marked, and in 1913-4 reached 317,000 
acres. Since then, or to April, 1918, there seems to have been 
little or no progress, the rainfall having been very abundant. 

In attempting to show some possible effects of this upon the 
rainfall, one must assume that we have some groups of stations 
in the neighbourhood affected, and some unaffected by the eva- 
poration from these areas. For the latter, I chose Echuca, 
Numurkah and Yarrawonga, which are all north or north-east 
from the principal area, though Echuca may now be affected 
by the Murray irrigation lower down. For the former we have 
Sheppparton, Tatura, Murchison, most favourably situated to 
benefit as they are south-east from the Rodney irrigation area. 
Kyabram is too well within the area to benefit fully, and Roches- 
ter and Elmore are south-west of it. As a check group we may 
take Violet Town, Euroa and Benalla, which are further to south- 
east, probably too far to benefit appreciably, but useful .to 
throw light upon variations in rainfall distribution during the 
decades. Another group is Rushworth, Whroo, Nagambie and 
Seymour. From Waranga Reservoir the first is 24 miles south- 
west, the second 6 miles south-south-west, Nagambie 15, and 
Seymour 33 miles south of it. These also, it may be assumed, 
would not be so likely to benefit as the winds reaching them 
from the Rodney irrigation areas would require a. slight easterly 
component, and the other areas are rather remote. The results 
may be shown as follows, expressing the means for each station 
for the successive decades, 1885-94, 1895-1904, 1905-1914, in 


terms of the first as unit. 


STATIONS ASSUMED UNAFFECTED. STATIONS ASSUMED AFFECTED. 
Echuca - Poiana ie eae 3 Sibo wane 1:00.).-4 SB een 
Numurkah - 100 - “65 - “74 PER nt 100..- 45 =a 
Yarrawonga - 1:00 - °72 - °%6 Murchison 1:00 2997) ae 

Tatura - +} 100 .-, “ijn 

Mean - SVE OO whan YO SP Sb Mean - ~ 57°00: :- “7G saan 
or, 00... -., 7 8ubaeee 

Kyabram - - 100 - “(ieee 


CHECK GROUPS. 


South-Eastern. Southern. 
Benalla ~ - eA OO! VL FO Sheer Rushworth. - 1:00 - ‘66 - °%73 
Euroa . ea LOR) & i em eh Whroo - -. 300 4's "71 ee 
Violet Town - 1:00 - ‘75 - ‘77 Nagambie - 100 - ‘72 - ‘76 
Seymour 2100)" = 77 ree 


Se ee ae a ee 00 - “71s yee 
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It is difficult to get any series of rain records in which we can 
place absolute confidence. The records for Shepparton prior to: 
1897 are based upon those from Crumlin Vineyard, which should. 
have been sufficient, as that station is only 14 miles away from 
Shepparton, but concurrent records 1897-1904 gave a difference 
between them of nearly 15 per cent. of the Crumlin Vineyard. 
record. That may have been real only for these latter years, 
as a 14 years’ series from Mooroopna supports Crumlin Vineyard 
from 1891-94, However, the two are shown, the upper line giving 
full weight to the Crumlin Vineyard 1885-96 record, and the 
second treating it as needing a plus correction of 15 per cent. — 
The truth probably lies between the two. Patched records may 
2iso account for the discrepancy between Rushworth and Sey- 
mour. The figures, however, give strong support to the assump- 
tion that stations south-east from the main irrigation area bene- 
fited by an increase of at least 5 per cent. of the annual rainfall,. 
or of fully one inch. The last two groups tend to show. that 
this apparent increase was not due to a difference in the rain. 
distribution with regard to area and storm type in the successive: 
decades. 


H 
Irrigation Increases the Means of Irrigation. 


On the principle of “to him that hath shall be given, and he 
shall have abundance,” it is more than probable that irrigation 
on any proper scale in Northern Victoria will increase the river 
supply available for conservation and irrigation. 

Our mountain ranges are not high, but they are admirably 
placed to take advantage of improved evaporation results from 
the great inland area through which their waters flow. They 
form almost a semicircle, running south through New South. 
Wales, and then west through Victoria. As the moistened air 
must almost invariably move off eastwards, it must pass over 
this range, which reaches its greatest average elevation in the 
bend where it lies most directly in the path of the eastward 
moving air. This additional evaporation will not only increase 
over the mountain slopes every rainfall coming by way of the 
interior, but as mists are almost a constant feature of the moun- 
tain weather, the wetting effect of these will be greatly increased,. 
often out of all proportion to the increased humidity. It may, in 
fact, be in this way that the improved conditions would be most 
manifest. Taking, for example, the average condition of tem- 
perature and humidity at Echuca, and assuming the eastward. 
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moving air compelled to rise at least 3000 feet to cross the Aus- 
tralian Alps, it can be shown that up till nearly the end of Octo- 
ber, every addition to the water vapour means so much extra 
condensation on the mountains. 

The monthly mean 9 a.m. relative humidities at Echuca from 
March to October are 55, 63, 78, 86, 85, 78, 70 and 55 per cent. 
(A minimum of 43 per cent. is reached in January). The cor- 
responding 9 a.m. mean temperatures are 67°, 59°, 51°; 46°, 
-40°, 49°, 54°, and 62°, which are also very nearly the daily mean 
temperatures. 

Now, since wind directions north of the Divide during these 
‘months are very largely from points in the northern semicircle, 
and almost entirely so in rainy weather, the air from the plains 
is eventually driven over the mountains froming “the Divide.” 
‘This involves ascent of at least 2000 feet, and with westerly com- 
ponents of wind direction from 3000 to 4000 feet, owing to the 
altitude of that portion known as the Australian Alps. The 
ascent being forced, the rate of cooling up to condensation level 
will be adiabatic. The figures for March give the ascent neces- 
sary for condensation as 3060 feet, for April 2340 feet, May 
1200 feet, June 720 feet, July 720 feet, August 1190 feet, Sep- 
tember 1730 feet, October 3000 feet. Hence, we can say that 
‘during the winter half of the year, at all events, practically every 
addition to the moisture in the air over the plains, shows as cloud 
‘before crossing the highlands.. The consequent lowering of the 
level at which condensation takes place would certainly, in all 
weathers, increase the effectiveness of fogs in wetting mountain 
‘vegetation, and in rainy weather would increase the rainfall 
probably to an extent greater than the actual addition. That the 
former is not negligible is well shown by Dr. Marloth’s experi- 
‘ments on the moisture collecting power of vegetation in saturated 
air on Table Mountain. 


OrHER EVIDENCES OF INCREASED RAINFALL FROM LOCAL 
EVAPORATION AREAS. 


(1) From River Floods. 


Hints of evaporation effects increasing rainfall may be ob- 
‘tained from a study of the average annual rainfall maps of 
Northern Victoria and the Riverina, which show a marked ten- 
«lency for the isohyets to form loops or peaks extending down 
tthe Murray and its numerous anabranches. 
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(2) Rainfall Increasing Eastwards without any 


Apparent Cause. 


The whole rainfall distribution of the Riverina and Northern 
Victoria suggests that the watering of large areas of country 
downstream from Echuca and Deniliquin has some influence in 
causing increased rainfall as we go eastward, since the rainfall 
increases without any corresponding increase in altitude. It may 
be as suggested by me in an article written in 1910, on the “ Rain- 
fall Distribution over Victoria,” that these eastern areas derive 
some benefit from their being more in the way of ‘“ monsoonal ” 
disturbances than stations further west, but this should be bal- 
anced to some extent by the greater accessibility of the western 
stations to oceanic influences coming by way of the Bight. At 
all events the differences are most remarkable. To quote from 
this article: ‘“ Benalla, with an altitude of 560 feet receives 264 
inches, while Wedderburn, 8 feet higher, gets only 18 inches; 
the altitudes of Balmattum and Sutherland are the same—565 
feet—yet the former receives 25 inches, and the latter only 154. 
Wangaratta, 493 feet, receives 24.8 inches and Lubeck, 488 feet, 
only 17.4 inches, and so on. It may be remarked, too, that the 
western stations are in somewhat higher latitudes, which should 
help them. ; 

This phenomenon may perhaps be explained somewhat as fol- 
lows: If we follow the 36th parallel from near the mouth of the 
Murray inland, we notice a gradual decline of the rainfall which, 
by the time we reach Tyrrell Creek, has dropped by more than 
one-third, or from 21 inches to less than 13. This is evidently due, 
at least in part, to the failure of local evaporating surfaces to 
compensate for the rain since leaving the Bight. A change now, 
however, begins to take place; atmospheric humidity must be 
increasing, for without help from land altitudes the rainfall is 
increasing, giving recovery at Echuca by 4 inches, and at Yarra- 
wonga by 7, or to that near the coast line. As the increase is 
‘coincident with entry upon country always undergoing natural, 
and in recent years artificial, irrigation, it is reasonable to as- 
sume some connection. The unimproved Mallee areas with their 
uniformity of green drought-resistant scrub growth probably 
evaporate evenly but miserly, and, as the country is flat, this 
“evaporation does not disturb the plane-like cloud formation 
usual in front of oncoming storm systems, which may be one 
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cause of the small rainfall. But when cleared and large blocks. 
of growing wheat or of green grass alternate with heat absorb- 
ing areas of fallowed land, we have a totally different effect. 
The uniformity of cloud stratification is broken by columns of 
heated air supplied with moisture from the green vegetation, 
and these tend to set up various convection centres which, when. 
reaching the cloud level, draw upon the moist air of the cloud. 
stratum, and cause local showers over areas which might other- 
wise be passed over. Thunder showers should also be of more 
frequent occurrence. 

The same effect must, of course, result from irrigation, but 
with the advantage of not being limited to any season. It 1s. 
quite probable, too, that these disturbances to the cloud layers. 
rising from beneath cause local precipitation out of all propor- 
tion to the amount of moisture contributed by the evaporation. 
areas. 


(3) Persistent Increase of Monthly Rainfall during 
1919 (a year of record irrigation) in Lee of 
Irrigation Area. 


The monthly rain maps for 1919 seemed to indicate in a very 
striking way increased rainfalls due to irrigation, water con- 
servation, and possibly previous flooding. The monthly isohyets. 
showed a most persistent tendency towards increased rainfall 
beginning somewhere in the neighbourhood of Wentworth and. 
Mildura, but most marked about Swan Hill and Kerang. Now,. 
as both districts are the scenes of considerable irrigation develop-- 
ment, and the latter of large water storages as well, a chain of 
lakes being kept filled for irrigation and water supply north- 
west from Kerang, we have an apparent cause of increased rain- 
fall. The annual rain map for 1919 showed a strip of well- 
rained-on country from Euston to Mitiamo generally following 
the Murray, but diverging a little to southwards after passing 
Swan Hill. The year’s rainfalls of Kerang and Mitiamo were ac- 
tually above average, although the year was in general so dry that 
both N.E. and S.W. of this strip the rainfalls declined to 20, and. 
even 30, per cent. below average. That this was no mere chance 
effect may be assumed from the fact that the monthly isohyets. 
showed the same tendency in at least seven cases. The effect was 
possibly helped by heavy thunderstorm rains from Swan Hill to 
Kerang in February. Cea 
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(4) Modification of Drought through Murray Floods. 


To see whether there was any evidence of the Murray. floods. 
causing subsequent rainfall improvement, I selected Murray 
Downs, an old and, I believe, very reliable rain station near the 
Murray on the opposite side from Swan Hill. This station has. 
for 20 or 30 miles north-west from it a good deal of country 
apparently either marshy or well supplied with lakes, filled when 
the Murray is in high flood. As it is probably from this direction, 
or from west-north-west that the storms come in dry years in- 
stead of, say, from north-north-west, as in wet years, Murray 
Downs should, in dry years following flood, feel some effect. 
Having graphed the flood levels at Torrumbarry, I selected all 
the dry years immediately following one of heavy flooding in 
its latter half. There were 22 of these, beginning with 1868. 
Taking annual rain totals only, and comparing with those of 
stations presumably less favourably placed, Murray Downs 
should, in these years, receive a better percentage of the average 
fall than should, say, Wentworth, beyond which the river trends. 
westerly, or Moulamein and Balranald, which are on the north 
side of the frequently flooded areas, or Tyrrell Downs, which 
is to southward of them. Using the records available, compari- 
son with Wentworth shows 14 out of 18 years favouring Murray 


_ Downs, with Moulamein 8 out of 10, with Balranald 11 out of 
15, and with Tyrrell Downs 8 out of 11 in favour of Murray 


Downs. These necessarily give much weight to the Murray 
Downs records, but these are well supported by those of Swan 
Hill. This peculiarity of Murray Downs is not as fully felt 
at stations further south-east, Kaarimba being less favoured than 
Murray Downs in only 17 cases out of 26, Numurkah 12 out of 
16, and Yarrawonga 9 out of 15. It is, of course, probable that 
these stations also gain from the evaporation from the Murray 
valley. I may say that monthly comparisons do not show any 
marked increased frequency of benefit at Murray Downs over 
these south-eastern stations, although it does with the others.. 
This was unexpected, but may point to the principal way in 
which the rainfall is increased, namely, by the production of 
convectional centres in ordinary rain storms, or by intensifying 
thunderstorm action, in which case the total annual benefit at 
any one station might be due to a few exceptional showers. 


-10 
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(5) tmproved Rainfall of last Ten Years only marked 
in connection with Irrigation Districts and Mallee 
Improvements. 


The foregoing considerations suggested another test. The de- 
cade (1910-9) being one of considerable progress in clearing and 
cropping of the Mallee, and especially in irrigation and water stor- 
age in the Kerang-Swan Hill areas, the districts immediately, in 
lee of these should show some improvement in their annual rain- 
fall. To show this it was obviously necessary to base all rainfall 
comparisons upon a common period. The best seemed to be the 
30-year period, beginning with 1885. This, for Victoria, gave 
me a little more than 200 stations, for each of which I compared 
the average annual rainfall of the last ten years with that for 
the standard 30-year period. The percentage departures from 
this normal were plotted on a map. The results were very 
striking. For almost all south of the Divide, the whole of the 
Wimmera, except the river drainages, and for the two Mallee 
stations east of Lake Tyrrell, the last ten years were slightly 
drier than the normal, and the same was the case with a few 
scattered stations in the Central North. Over the north-east 
and northern slopes generally there was an appreciable rise, 
averaging about 4 per cent. But there was one area showing a 
very marked rise. From Swan Hill, along the Murray to Cohuna, 
the plus departures ranged from 12 to 15 per cent., and thence 
southwards to Korong Vale they exceeded 10 per cent. The 
area showing these increases exceeds 2000 square miles. But this 
is not all. It is continued westwards in a narrow strip hugging 
the southern fringe of the newer Mallee clearings as far ap- 
parently as Lake Hindmarsh. The increase over this area ap- 
proximates to 10 per cent. The larger increase may be assumed 
due to the combined effect of irrigation and Mallee improve- 
ments—the smaller to the latter only. It would, therefore, appear 
that the complete development of Mallee occupation will bring 
in a rainfall approximating to that of the lower Goulburn valley, 
and that irrigation will further increase this result. 

On the accompanying map, kindly drawn by Mr. Curtin, the 
data just referred to are plotted. The numbers indicate per- 
centage departures of the mean of the last ten years’ rainfall 
(1910-1919), from that of the 30-year period, 1885-1914. The 
areas where the plus departures exceed 5 or 10 per cent. are 
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enclosed by curving lines, which might be termed the rainfall 
isopleths for the latter period. ° 
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Summary. 


To sum up, it may be said that there is sufficient ground for 
believing that the south-eastern States are all under such weather 
conditions that they will benefit climatically by any considerable 
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increases in surface moisture. The clearing of the land, and the 
substitution of cultivation or pastures for the scrub forests on 
the inland plains cause, according to the evidence, some im- 
provement of the rainfall, especially during the spring months,. 
when the green growth results in vigorous evaporation. A more 
general improvement results from irrigation, which ensures. 
growth of vegetation throughout the year. It is through this 
means that the greatest effects are possible. The extension of 
irrigation along the Murray between Echuca and Renmark, and. 
in New South Wales, about the junction of the Darling with 
the Murray, it is evident, will have a not inconsiderable effect 
in ameliorating the climate of Northern Victoria, including the 
Mallee. It should also increase the rainfall on the mountains. 
from which the irrigation water are derived. And if in con- 
nection with these, large storages of water are made from the: 
lower Murray and Darling, say, by impounding flood waters in 
banked-up lakes in the same way as those of the Goulburn are 
impounded in the Waranga basin, the possibilities, if not almost 
limitless, are at least very great. I see no reason why the im- 
provement should not be equal to what would happen if an arm: 
of the sea like Spencer’s Gulf, say, up to Menindie. It has al- 
ready been shown that a reasonable result of this would be an 
increased rainfall of from 3 to 5 inches in the neighbourhood, 
even as far as 170 miles inland. 

If such a result could be brought about by increasing our 
irrigated areas, and the necessary increase in the area of land 
fully irrigated can surely be made, it would be hard to put any 
limit upon the climatic benefits which Northern Victoria and the 
Riverina would derive from it. Hann has shown that in New 
South Wales a square mile of country carries 22 more sheep: 
per annum with a 12-inch than with an 11-inch rainfall, and 
that the carrying capacity increases at a more rapid rate per inch 
of rain as the rainfall increases, a 17-inch rainfall, for example, 
enabling 70 more sheep per square mile to be carried than a 16-. 
inch one. 7 

Such an increase in our irrigated areas is likely, therefore, not 
only to be worth while in its direct effects upon the country’s. 
production, but by making further irrigation possible, to have 
indirect effects of very appreciable magnitude. 


[Proc. Roy. Soc. Vicrorta, 33 (N.S.), 1921] 
Art. X.—A Revision of the Genus Pultenaea, Part IT. 


By H. B. WILLIAMSON. 


(With Plates VI. and VII.) 


[Read 9th September, 1920. } 


PULTENAEA HUMILIS, BENTH. 
(Hook, f; 8); yl agni., 1. 91). 


A shrub with flowers like those of P. plumosa, from which 
species it differs in having bracteoles with broad stipules, and 
flowers axillary in short leafy spikes at or near the ends of 
‘the branches, not in terminal heads. The common Victorian 
form is low and diffuse, with large flowers, the calyx lobes being 
‘much longer than the tube, lower ones much narrower than the 
upper, all hirsute with long hairs. Bracteoles are linear-lanceolate, 
-ciliate, as long as the calyx lobes, and fixed at the base of the 
tube. The ovary is glabrous, with a brush of long white hairs 
-at the top, and the style is much dilated. Grampians, Geelong, 
uBallarat, etc., Vic. 

It appears to be confined to the southern half of Victoria. 


P: HUMILIS, var. GLABRESGENS, var. NOVA. 


Variat folus fere glabris, floribus paulo ménoribus saepe 
-glabris. 

From the normal this differs in having almost glabrous leaves, 
and somewhat smaller flowers often quite glabrous. Specimens 
from Grampians and Creswick, with narrow leaves have fallen 
wrongly under var. angustifolia of P. parviflora, Sieber, p. 132, 
Fl., Aust. The Grampians specimens are scantily invested with 
long-hairs on the calyx and bracteoles, while those from Creswick 
have hairs only on the branchlets and pedicels. Goulburn River 
specimens (W. F. Gates), have larger, glabrous leaves and hairy 
‘branchlets and pedicels. Those from Sale, Vic., (T. A. Robin- 
son), and Bairnsdale (T. S. Hart), have shorter leaves, broader 
towards the summit, and smaller flowers. All the specimens 
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agree with P. humilis in having the long thickened reddish style 
and glabrous ovary with tuft of hairs. 

Benalla, N. E. Sale, E. Victoria. Creswick and Grampians, 
Victoria. 


P. SUBSPICATA, Benth. 
(Fl... Arete; ti il oe 


A small shrub with the appearance of P. vestita, and the nar- 
row leaved form of P. humilis, having leaves up to half-inch, nar- 
row-lanceolate, concave, granular-rough, and slightly hairy. The 
calyx has narrow subulate lobes, rather longer than the tube. It 
is easily distinguished from P. humilis by its broad bracteoles. 
with a central point fixed under the calyx tube; and from P. 
plumosa by its flowers being axillary, not in terminal heads. 

L. George, and Braidwood dist., N.S. W. There is a specimen 
collected in Gippsland, Vict., by Howitt. 


P. VILLIFERA, Sieb. 
(DAS Parody ayol i1:)) 


This species has been confused with P. humilis, and so has. 
been wrongly recorded for Victoria. In FP. villifera the calyx is. 
not more than 3 lines long, usually 2 lines, and the bracteoles. 
are scarious, ovate-lanceolate, while in P. humilis, the calyx is. 
4 to 5 lines long,-with a very short tube, and the bracteoles. 
are very narrow, and as long as the calyx lobes. 

The leaves of P. villifera are prominently veined beneath, 
with marginal veins also, and have longer petioles, especially 
the upper ones. . 

Port Lincoln, Encounter Bay, Onkaparinga, S.A. Jervis Bay,. 
N.S.W. 


P. INVOLUCRATA, Benth. 
(2k Aut Wi Boe N 


This may be confounded with P. villifera which it resembles. 
in general aspect, but it may be easily separated by its singly 
terminal flowers, and remarkably small calyx, scarcely more than 
1 line, which is quite concealed by the broad bracteoles. The 
leaves are scarcely petiolate, and have no marginal vein. 


Mt. Lofty, S.A. 
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| P. MUELLERtI, Benth. 
(Pk Aust, ak, Tie 


This species is close to the last named, having solitary terminal 
flowers, and a small calyx, 24 lines, almost concealed by the 
broad bracteoles; but it is not a villous plant, and the petioles 
are very short. Leaves: are prominently 3-veined below, and 
are almost pungent. 

Baw Baws, and S. Gippsland, Skipton, Vic. Specimens fronr 
Skipton have setaceous stipules and bracts. 


P. PROSTRATA, Benth. 
(Took, tf. Fiat aem, 1 69) 


This resembles P. Muelleri in its singly terminal flowers, but 
it has linear, terete leaves resembling those of P. laxiflora and. 
P. tenutfolia. | 

Its nearest affinity is P. tenwifolia, from which it is easily dis- 
tinguished by its constantly single flowers with silky calyx, and 
numerous closely imbricated bracts. . 

Wimmera dist. Portland Vie; Rossy Tas. Tattiara, S.A. 


P. sETULOSA, Benth. 
Ch Aust ave 132 )c 


Small shrub with linear, terete or trigonous leaves, channelled 
above, mucronate, 3 to 4 lines long, scarcely spreading. Stipules 
are rather broad, appressed, reddish, with long fine points. 

Flowers are axillary, nearly sessile, crowded near the ends of 
the branches. Bracts none. Bracteoles linear, on the base of 
the calyx tube, provided with stipules. Calyx pubescent, lobes 
about as long as the tube, fine pointed. The fine points to 
stipules, leaves and calyx-lobes give it a peculiar aspect. 

Broad Sound, Q. 

Specimens from Mt. Lindsay, Q. (Cambage, 1909), have calyx 
rather smaller and stipules less setular. 


P.°VESTITA,| Jk. Br: 
(Benth, Fl. Aust., ii,,, 132). 
Small shrub with young branches quite covered with long 


closely imbricate reddish stipules, each pair united almost to 
the top. Leaves linear, or linear-lanceolate, shortly mucronate. 
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Flowers in dense leafy terminal heads. Floral leaves and bracts 
with large, broad stipules. Bracteoles under the calyx, large, 
stipular, scarious with pointed lobes, and central long-ciliate point. 

In calyx and bracteoles it resembles P. elliptica, and P. sub- 
spicata, but differs from the former in having much narrower 
leaves, smaller petals, and longer bracteoles; and from P. sub- 
spicata in having much longer bracteoles, and flowers terminal. 

Sherratt’s Brook, Esperance Bay, W.A. Port Lincoln, Salt’s 
Creek, S.A. 

P. STROBILIFERA, Meiss. 


(Pl. sPréiss ue one 


A shrub to 14 feet with terete wrinkled leaves about 3 lines 
long, and flowers in dense ovoid heads, with numerous broad, 
shortly-toothed bracts covering the calyx. Bracteoles are linear, 
hirsute, with long hairs, and are fixed under the calyx, which 
has long, narrow and acuminate lobes. 

The style is short, thick and hooked. 

Stirling Ra., Upper pas! R., Sources of Sigs © Ri Waa 


P. ERICIFOLIA, Benth. 
(Lindl. Swan Riv. Apps 13). 


A shrub, heath-like in aspect, much resembling P. strobilifera 
in calyx lobes, bracteoles and style, but its leaves are longer, and 
its bracts are spreading at the top, deeply trifid, with subulate 
central and broad lateral lobes. The long setular calyx lobes and 
bracteoles are fringed with long hairs, giving the heads a fuzzy 
appearance. 

King George’s Sound, Swan R., Blackwood R., W.A. 


P. VERRUCULOSA, Turcz. 
(Bull. Mosc., i., 278). 


A species resembling the last two, but having fewer bracts, 
and broader bracteoles, all much shorter than the calyx. The 
leaves are glabrous. 

King George’s Sound. Great Bight, W.A. 

Var. pilosa, Bth., sprinkled with long hairs, and with bracts 
rather larger and more numerous, and petals dark red. 

Cheyne’s Beach, Oldfield, W.A. 

Var.. brachyphylla, Bth., leaves short and thick, sometimes 
shortly mucronate, and flower heads smaller. | 
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| P. RADIATA, Sp. nova. 


Fruticulus erectus parvus, ramulis, radiatis pubescentibus, 
foliis lineari-cylindricis supra canaliculatis tuberculatis incurvatis 
S-1omm. longis patenti-hispidis, stipulis subulatis, floribus sessi- 
dibus in capitula terminalia confertis, bracteis paucis lato-ovatis 
iliolatis, bracteolis bracteis similibus calycem omnino cingentibus 
eoque fere acquilongis infra basin calycis insertis, calyce glabro 
margine ciliato 7 mm. longo, lobis acuminatis inferioribus tubum 
aequantibus superioribus conjunctis usque supra medium, ve.xillo 
bis longiore quam calyx, ovario sericeo-villoso apice barbato stylo 
revi (vix 3mm. longo) uncinato; legumine non viso. 

This plant resembles P. ericifolia and P. verruculosa, var. 
pilosa, in general aspect. 

1.—P. ericifolia has very distinctive flowers, having very long 
‘bracts with a long central ciliate lobe, and linear bracteoles as 
long as the calyx lobes, both the latter being ciliate with long 
chairs. 

2.—P. verruculosa has bracts few, short, entire, or shortly two 
lobed, and bracteoles only about 2 lines long, and linear, hairy, 
‘trigonous leaves. 

3.—This species has very broad bracts and bracteoles, the 
latter completely surrounding the calyx, longer than the tube, 
and the upper calyx lobes are much connected, with their lobes 
scarcely divergent. The hooked style is shorter than that of 
P. verruculosa, var. pilosa, being scarcely more than a line in 
length, with the hairs of the ovary reaching almost to the top. 

Its nearest affinity appears to be P. Bauerleni, F.v.M., a N.S.W. 
sspecies which has a calyx of the same size and shape, and brac- 
‘teoles also large, but somewhat narrower, larger and broader 
stipules, longer, thicker, mucronate, long-petiolate leaves, granular 
without hairs, and a silky ovary tapering to a long subulate style. 
“The ovary of this species is silky, with long hairs reaching almost 
-to the top of the very short hooked style. 

In National Herbarium, Vic., from Busselton, W.A., 1870 
A. and E. Pries, among specimens of P. verruculosa, var. pilosa. 


P. apuNCcA, Turcz. 
(Bull. Mosc., i., 79). 


A species with terete leaves scarcely $ inch long, with often a 
ssmall recurved point. The calyx is uniformly silky and has the 
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lower lobes narrower and longer than the tube, the upper ones. 
being broad and united almost to a single emarginate lobe. 

Bracteoles are‘linear, silky, and fixed below the calyx, and the: 
style is short, thick and hooked. 

“ Drummond’s 5th Coll. n. 66,’’ W.A.. 

Apparently rarely gathered. 


P, NEUROCALYX, Turcz. 
(Bull, Mosc., i., 281). 


A W.A. shrub somewhat like P. subumbellata in foliage,. 
habit and absence of stipules, but at once known by its bracteoles- 
and calyx lobes, which are striate with scarious ciliate margins. 
The bracteoles are under the calyx, ovate-oblong, three nerved.. 
Calyx lobes are almost equal, broad, blunt, and 3 to 5 nerved. 
The style is short, thick, and hooked. The plant appears to be 
one of the connecting links between Pultenaea and Phyllota. 
Examination of ripe seeds may show that it should be placed. 
under the latter genus. 

Oldfield, Mt. Barren, Robertson’s Brook, W.A. 


P. JUNIPERINA, Labitt. 
(PI Nov. Boll 102): 


A plant with pungent leaves varying much in width, and flowers: 
two or three together towards the ends of the branches, with 
lanceolate bracteoles inserted under the calyx. Specimens fronr 
Tasmania and the Grampians have narrow spreading leaves, 
concave or conduplicate, with a wide base, and pedicels about- 
a line long with a prominence at the base. 

Var. LATIFOLIA, Benth. (P. cordata, Graham), a form with 
broad leaves almost cordate at the base, tapering to a pungent: 
po:nt, darker green below with a prominent midrib. 

R; Tamar, Tas: 


| ek JUNIPERINA, Var. PLANIFOLIA, Var. DOVa. 


Variat foliis longiorbus latioribusque planis vel  paululum- 
concavis. 

This form has leaves from 4 inch to 1 inch long, lanceolate 
oblong to oblong, from slightly incurved at the margin to quite: 
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flat, partly rusty-red below, the prominent midrib below being 
prolonged into a straight pungent point. Flowers are usually 
in twos at the ends of very short branchlets, appearing almost 
axillary. 

This is the plant mentioned by Bentham, p. 135, “ Clarence 
River, Beckler,” as var. mucronata of P. flevilis, but it differs 
from P. flexilis in having bracteoles inserted under the calyx, not: 
upon it, and having a villous ovary and subulate stipules. Beckler’s 
specimens exactly match those from Gibbo Ra. Vic., determined 
by Mueller as P. juniperina. Specimens from Pine Mt., N.E. 
Victoria (C. French, jnr.), having flat leaves up to 1 inch long 
must be refefred to P. juniperina for the reasons just stated. 

Dandenong Ra., N.E. Victoria, and N.S.W. 


Pi BIGRDAS Yon 
(Benth., Fl. Aust: ii., 130). 


A species very close to P. juniperina. Bentham gives for it,. 
“Leaves lanceolate, concave or conduplicate, flowers distinctly 
pedicellate,” but the Grampians specimens of P. juniperina also 
possess these characters. 

If we admit the validity of the species, we must do so on the 
following grounds. Leaves conduplicate, very rigid, sessile, 
- flowers dark red, on rather longer pedicels, and pod ovoid, not 
oblique-ovate, shorter than that of P. juniperina. I have not seen 
the pod, or the Memory Cove specimens. 

The leaves show sometimes a tendency to reticulate venation 
as in P. aciphylla, and they have not the distinct yellowish 
petioles with the protuberance at the base. 

Memory Cove, (R. Brown) ; Kangaroo I., (O. Tepper), S.A- 


P. acerosaA, R.Br. 
(Benth, Tl, Anse ila, 


A species with terete or trigonous leaves, channelled above, 
rigid, pungent short-pointed, slightly recurved, divaricate on the 
lower branches, and nearly 4 inch long. Flowers are dark 
coloured, crowded, surrounded by bifid, subulate bracts, and 
have oblong bracteoles with subulate points. 

Coast of S. Australia. 
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Var. ACICULARIS. Yate nova, 


Variat foliis strictis longe mucronatis, floribus minus confertis, 
petalis minus rubris. 

From Mt. Lofty, S.A. Has been placed by Bentham under 
P. acerosa. Mueller’s MS. name for it was P. acicularis. It 
differs from P. acerosa in habit and in colour of flowers, which 
contain less red, and the leaves have long straight points. 

The flowers are much less crowded, often appearing in twos 
as in P. juniperina, and having bracteoles and calyx closely re- 
sembling those of that species. 

It appears to be a connecting link between P. acerosa and 
P. juniperina. 

P. COSTATA, sp. nova. 


Frutex diffusus circiter 1m. altus, ramulis pilosis, foliis, ovato- 
danceolatis 7-9mm. longis rigidis recurvatis glabris concavis pun- 
genti-mucronatis subter prominenter supra levius quinquenervits 
inflorescentiam versus confertis, stipulis longe  subulatis 
patentibus, floribus sessilibus in capitula terminalia confertis, 
bracteis multis lato-ovatis acuminatis, bracteolis bracteis, similibus 
lato-ovatis subulatis infra calycem affixis, calyce S-omm. longo 
sparse villoso lobis subaequilongis subulatis, vexillo vix longiore 
quam lobi calycis, ovario sericeo-villoso, stylo sublato; legumine 
non VISO. 

Specimens of this plant occur in herbaria variously placed 
under P. styphelioides! and P. juwniperina, var. latifolia (P. cor- 
data, Graham). Only by a casual inspection could it be placed 
under the former. From the latter it differs considerably, as it 
has crowded sessile flowers, with a large calyx almost concealed 
by bracts. As these and the calyx are long-subulate, the in- 
florescence has a bristly appearance. The leaves are prominently 
5-veined while in juniperina they are 1-veined. 

Its nearest affinity is P. acerosa which it resembles in in- 
florescence, calyx and bracts, but from which its remarkable 
5-veined leaves keep it distinct. 

Grampians, N. of Mt. William, Vic. C. French, jnr., C. Walter, 
J. W. Audas and others. 


P. LAXIFLORA, Benth. 
CFI. Aust, ,/41,, 433°). 


A shrub with narrow-linear leaves, often with a blunt recurved 
tip, minutely pubescent when young. Flowers are in terminal 
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heads, at first surrounded with broad bracts which soon drop: 
off, and then the pedicels appear often 2 to 3 lines long and turn. 
downwards. Bracteoles are linear-lanceolate, fixed on the calyx 
tube, are provided with broad stipular lobes, and are inclined to: 
be leafy. The calyx and pedicels are silky pubescent. 

Grampians, Wimmera, Vic. 


Var. PROCUMBENS, F.v.M. 


A MS. name, under which Mueller placed the S.A. specimens.. 
Leaves broad, almost flat in some specimens, cuneate, recurved. 
at the end in others. 

Lighter green above with a distinct midrib below. Some 
specimens show less pubescence, and more slender calyx lobes. 
and bracteoles. 

Onkaparinga, Clarendon, S.A. 


Var. PILOSA, var. nova. 


Variat floribus confertioribus, pedunculis brevioribus, calyce 
valde vestito. 


Specimens from “N.W. of Nhill,’ Vic., (D’Alton) are in. 
an early stage, and show bracts rather larger than the normal.. 
The calyx and bracteoles are invested with long silky hairs. 

To this variety also must be referred specimens from Mt.. 
-Mclvor, (Mueller), and Bendigo, (Paton), which have been 
passing under P. tenutfolia. 

Their flowers in terminal heads, their large calyx, and leafy 
stipular bracteoles separate them from that species. 

From the normal they differ in having flowers often more: 
crowded on short branchlets. The pedicels do not appear. to 
lengthen much, and the calyx is somewhat ‘larger, and is in- 
vested with long hairs. } 

Northern part of Victoria. 


P. vittosa, Willd. (Spec. Pl., ii.,.507). 


Under this name a number of very divergent forms have been 
included, which can scarcely be admitted even as varieties. 

I have taken Sieber’s specimens, “n. 421,” and “Fl. Mixt. 
518,” as typical, agreeing with Bentham’s description. Shrub 
pubescent, or villous, rust coloured when dry. Leaves usually 
oblong, or somewhat cuneate, concave, or with incurved margins, 


142 H. B.. Willaamson : 


tubercular or hirsute underneath. Flowers solitary in each axil, 
but sometimes forming short terminal leafy racemes. Pedicels 
short and slender. Bracteoles inserted on the calyx tube near 
its base, linear, with often one or two setae in their axil. Calyx 
14 to above 2 lines long, lobes acuminate, longer than the tube, 
the two upper ones broad, falcate, united to the middle, lower ones 
narrow. Smith, in Trans.,-Linn., Soc. 9, 248; says, “ A dense 
bushy shrub, with numerous short leafy branches, and copious, 
axillary solitary flowers. The appendages. (bracteoles) grow from 
towards the base of the calyx, and are longer than the tubular 
part, having a more leafy appearance than in any other species 
of Pultenaea.” 

Hobart, Tasmania; Port Jackson district to South Queensland. 
The Victorian forms will be dealt with later. 


P. FERRUGINEA, Rudge. 
(Trans. Linn Spenec s0@nG 125) 1). C "Pred, ny ei) 


Bentham, p. 134, included this under P. villosa as var. latifolia. 
The leaves are obovate and vary from 2 to 3 lines in Blue 
Mountain specimens, to 4-5 lines in specimens from the seaboard. 
This character, together with its large long appressed stipules 
like those of P. ellipitica, its large flowers and peculiar bracteoleés, 
separate it well from P. villosa. The calyx is very large, often 
5 lines long, its upper lobes being falcate, joined below the 
middle, and the lower ones are very narrow, much longer than 
the tube. Bracteoles are lanceolate, almost as long as the 
calyx lobes, fixed at the base of the tube, and provided with 
broad scarious stipules, both calyx and bracteoles being invested 
with long soft hairs. Flowers are axillary, crowded in terminal 
and sub-terminal leafy racemes. The ovary is glabrous except 
for a tuft of long white hairs on the summit. The style is long 
and distinctly compressed. 

Blue Mts., Port Jackson, Guise Head, etc., N.S.W., “n. 420 
Sieber,” in Nat. Herb., Melb. 


P. FERRUGINEA, Rudge, var. DEANEI. 
(P. Deanei, R. T. Baker, Proc. Linn. Soc., N.S.W., xxii., 438, 
1897.) | 
This plant is simply a large form of P. ferruginea, having 
rather larger leaves, up to 6 lines long, scarcely as hairy as the 
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normal plant. With the broadening of the leaves the obscure 
marginal veins of P. ferruginea become more distinct, and further 
from the margin, giving the leaves a tri-nerved character. The 
leaves are obovate-cuneate, not inclining to oblong as shown 
in the plate accompanying the description, and the bracteoles 
are fixed at the base of the calyx tube. not high adnate as the 
plate shows. 

It is a much more robust and showy plant than the normal 
P. ferruginea, and grows, according to Mr. H. Deane, only on 
the sandstone of the Hawkesbury series. Intermediates occur, 
however, at Guise Head, (R. Brown), Berowa and other places. 

Peats’ Ferry (H. Deane) ; Gosford (R. T. Baker). 


P. ‘HISPIDULA,; IR Br: 
(Berth! Ansty i. 1332) 


In habit resembling P. villosa, but with much smaller mowers 
‘which are sessile in small terminal heads, instead of being axillary 
-and solitary. The bracteoles also are quite different, oval-ob:ong. 
The calyx is scarcely more than a line long, with very short 
lobes, and the ovary is villous, instead of being hairy only at 
the top. Port Jackson, N.S.W. 

Specimens from Gembrook, Grampians and other parts of 
Victoria, hitherto passing under P. villosa must be referred to 
this species. 


P. PARVIFLORA, Sieber. 
(D.C Prod it. 111.) 


This is a form very near to P. villosa, differing only in its 
almost sessile flowers, which are rather crowded in the upper 
-axils, and its smaller leaves almost glabrous. 

The leaves are more cuneate than those of P. villosa, and in 
the South Creek specimens, N.S.W. (J. H. Maiden), are slightly 
motched at the summit. Calyx, bracteoles, and ovary as in 
P. villosa, 

The form which it most closely approaches is Rudge’s P. poly- 
_gahfolia, which Bentham rightly included under P. villosa, and 
from which I can separate it only by the size and shape of its 
leaves. It may yet have to be reduced to a var. of P. villosa. 

C. Byron, Port Jackson, South Ck. N.S.W.; Ipswich, Q. 

It does not occur in Victoria. 
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P. GRAVEOLENS, Tate. 
(Trans. Roy. Soe, ~s'2G, vie opr Os..) 


A species with small oblong to linear leaves, and axillary 
flowers, Mueller evidently placed it as a form of P. villosa, but: 
it can be separated from that species by its smaller calyx, peculiar 
hyaline and viscid stipules, and bracteoles, and its peculiar odour, 
which is described by Tate as like that of “ spirit contaminated. 
with animal matter.” To some it has a rich aromatic odour, some 
times resembling that of cream cheese. It comes between. 
P. villosa and P. hispidula, and is distinguished from the latter 
in having axillary flowers, and very small bracteoles. 


Uraidla, Mt. Lofty, S:A.; Meredith, Vic, (S. Johrson). 


r. VROLANDI, Maiden. 
(Vic. Nat: Vol. 22;' p) 98) 


Resembling in general aspect some forms of P. villosa, but 
easily distinguished by its cup-shaped, involucre-like, viscid brac- 
teoles, fixed under and quite surrounding the calyx, which has. 
short and broad lobes. In the Nat. Herb., Melb., are specimens. 
cf this plant from Pine Mt., N.E. Vic. (C. Walter, 1891), the 
leaves of which are 5 lines long. 


Strathbogie, Vic.,-Nov. 1904 (A. W. Vroland). 


P, TrrFIDA, J. M. Black. 
(Proc. Roy. Soc’, $.A., xxxiti., 224, 1909.) 


A S.A. species with small, concave, ovate, petiolate leaves, end-- 
ing in a short bristle point. The calyx is small with almost equal 
lobes. It has a general resemblance to P. ferruginea, but the: 
flowers are very different, having lobes of the calyx almost equal. 
and subulate, and its trifid bracteoles serve to easily distinguish. 
it from all its co-geners. , 

The bracteoles are distinctly trifid, the outer lobes not being 
acceptable as stipules, as in the case ‘ia P. plumosa, P. ferruginea, 
and P. laxiflora. 

Snug Cove, and Cape Borda (Griffiths, 1908). Gypeaita: Rs 
(1886, O. Tepper, Vic. Nat. Herb.). i) 
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P. WEINDORFERI, Reader. 
(ic Nat. Vol 22. peo 
A showy species resembling a form of Dillwynnia erictfolia, 
which may account for its being overlooked, although growing 
abundantly so near to Melbourne. It has linear concave leaves, 
crowded, and scarcely spreading, and long, appressed stipules. 
The calyx resembles that of P. humilis, var. glabrescens, its near- 
est affinity, in being most glabrous, and in having calyx lobes 
longer than the tube, and linear bracteoles fixed near the base 
of the tube, but it differs from that species in having more equal 
calyx lobes, and a quite glabrous ovary and style. 
Wandin, Vic., 1903 (G. Weindorfer). In the Nat. Herb. from 
Dandenong Range, with no date or collector’s name. 


P. visciDULA, Tate. 
(Proc. Royu,See., SeAsj) vit. up. 69) 


A shrub about 3 ft. high, resembling P. mollis in foliage, but 
less hairy, and having flowers in small, not in dense, heads, with 
very small bracts and bracteoles. The latter are ovate, and are 
fixed under the calyx tube. 

The growing ends of the branchlets are “ clothed’ with a viscid 
exudation.” Tate. _ 

Under shade of Eucalyptus corynocalyx, Karatta, Stunsail, 
Boom R., S.A., Kangaroo I., (Tate). 


P. FASCICULATA, Benth. 
(Benth, Fly Aust,,.i.,, p..139.) 


A prostrate or diffuse alpine shrub with foliage like that: of 
P. tenuifolia, slightly silvery in appearance. Flowers are axillary 
and solitary, with a single broad-lobed bract. Bracteoles are 
lanceolate-acuminate, and are set on the calyx tube. The calyx 
is silky pubescent, with acuminate lobes as long as the tube, the 
upper ones broader. | 

Highlands of N.S.W., Tas., and Vic. 2000-5000 ft. » 


P. CAMBAGEI, Maiden and Betche. 
Pine Em Soc, DC. SW. eee eee 
=P. subwmbellata, Hk. var. cambaget, 


A. shrub differing from P. subumbellata only in leaves and 
habit. The leaves are somewhat narrower, and show little differ- 
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ence of colour below. The description in the Fl. Aust. of 
P, subumbellata, “ shrub either low and erect, cr taller and strag- 
ling, with branches virgate, rather slender, terete, pubescent when 
young,” includes M. & B.’s description of this plant, so that 
the species seems to have been founded on the difference in leaves 
only, a rather unwise proceeding, especially as some specimens. 
of P. subumbellata show leaves with both pages equally green. 
Torrington, New England, N.S.W. (Cambage, 1907.) 


P. TENUIFOLIA, RBr. 
(Bot. Mag., t. 2086, Benth. Fl. Aust. ii., p. 139.)... 


A small diffuse shrub with villous branchlets, and leaves nar- 
row-linear, or terete, 2 to 4 lines long, concave or channelled 
above, generally straight and pointed, almost fascicular, and 
invested with minute appressed hairs. 

Flowers are sessile, solitary, or two together at the ends of 
the branchlets, and are surrounded by broad bifid scarious bracts, 
concealing the calyx. Bracteoles are ovate, and are fixed under 
the calyx, longer than the tube. The calyx is about two lines 
long, with almost equal lobes, acuminate, and slightly longer 
than the tube. In Port Lincoln specimens the lobes are invested 
with long white hairs. 

S: coasts of Vic., SiA:,,and’ Wa. Australia. 

Var. Glabra, Benth, almost glabrous. Wimmera Dist., Vic. 


P. RECURVIFOLIA, sp. nova. 


Frutex erectus parvus, ramis pubescentibus, folus 3-4 mm. 
longis angustis recurvatis apicem versus latioribus margine 
involutis, supra vinx apertis infra leviter carinatis, glabris 
vel minutissime puberulis, stipulis acumiatis latiusculis, floribus 
paucis minimis prope apicem ramulorum axillaribus, bracteis nullis, 
bracteolis ovatis calyce brevioribus infra eum affixis, calyce 2 mm. 
longo glabro, lobis brevibus latisque minute ciltolatis superioribus 
paululum latioribus, vexillo 5 mm. longo fusco, alis pallentibus, 
ovario sericeo-villoso, stylo subulato, legumine, 3 mm. longo, 2 
mm. lato. 

This plant was included by Bentham under P. tenuifolia, RBr., 
as var. recurvifolia. 

Its small recurved leaves, axillary flowers, and the absence 
of bracts separate it well from that species. Its flowers also 
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are much smaller, and the calyx lobes shorter than the tube. The 
bracteoles, however, resemble those of P. tenuifolia. 

Its nearest affinity appears to be P. villosa from which. it 
differs in its narrow, recurved, leaves, and different shaped calyx, 
which is more like that of P. hispidula, which, however, has 
flowers terminal in small clusters. . 

Cape Nelson, near Portland, Vic. (Allitt.) 


P. ECHINULA, Sieber. 
(Der Prod. in BZ ent er Aust. 10827, ) 


Shrub with older branches denuded of leaves, and tuberculate 
or echinate with the remains of their petioles. Leaves 6-7 lines 
long, crowded on the younger branches, much incurved, linear, 
terete, channelled above, tuberculate, and, towards the inflores- 
cence, invested with scattered long hairs. Stipules long-subulate. 
Flowers in dense heads surrounded by crowded leaves, with few 
bifid bracts with spreading subulate lobes. 

Bracteoles inserted under the calyx, short, broad at the base, 
tapering to a sharp point, minutely ciliate. Calyx glabrous, 
‘ainutely ciliate, lobes nearly equal, acuminate. Keel dark coloured. 
‘Ovary glabrous, with a few long hairs at the summit. 

The National Herbarium contains a single specimen of the type 
@ereerea to in Benth., Fl. Aust.,. p. 127...“ Sieb. n. 384.. New 
Holland.” It does not appear to have been gathered since. 


P. DIVARICATA, Sp. nova. 


Frutex erectus fere glaber, folius lineari-cylindricis confertis 
supra canaliculatis tuberculatis mucronatis divaricatis incurvatis 
strictis vel deflexis floralibus puberulis, stipulis subulatis, floribus 
circiter 6 sessilibus in capitula terminalia congregatis, bracteis 
breviier bifidis pubescentibus, bracteolis linearibus carinatis dorso 
paululum pubescentibus 2 mm. longis ad basin calycis affixis, 
calyce 4 mm. longo pubescente, lobis obtusis inferioribus tubo 
aequilongis superioribus eo paulo brevioribus, petalis omnibus 
flavis, ovario sericeo-villoso, stylo subulato, legumine oblique ovato 
5 mm. longo, 4mm. lato, planiusculo pilis longis parce vestito. 

This plant, from the Blue Mts., N.S.W., which has passed as 
P. echinula, Sieber, appears to be the plant mentioned by Bentham 
—Fl. Aust. 1i., 127—in the note as R. Cunningham’s specimens. 
It is quite a distinct species, differing from P. echinula in having 
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shorter leaves varying from slightly incurved to somewhat re- 
curved, some specimens showing almost straight leaves, while 
P. echinula has regularly, much incurved, leaves. 

Flower heads are not so dense, bracts are not divided into 
long spreading subulate points, and the calyx is pubescent without 
acuminate lobes. The bracteoles are linear, slightly keeled, and. 
hairy, while P. echinula has glabrous bracteoles, triangular, 
acuminate, at the base somewhat clasping the pedicel. The 
petals are all yellow, and the ovary is silky villous, not glabrous 
as in P. echinula. The pod is nearly 3 lines long, and 2 lines. 
broad, oblique ovate, somewhat flat, and scantily beset with long 
hairs. 

Its position is between P. Bauerlem, F.v.M., and P. echinula.. 
It bears much resemblance to the former .in leaves, stipules, and. 
inflorescence, but its calyx is very different, and the bracteoles: 
are very small, whereas those of P. Bauerleni are broad and 
nearly 4 lines long. 

Wentworth Falls, Blue Mts. J. H. Maiden, Oct., 1918. J. H. 
Camfield, Nov., 1898. 


EXPLANATION OF PLATES Wi. and VII; 


(a) Calyx lobes x 2. 
(b) Bracts x 2. 

(c)” Bracteoles 'x°Z, 

(d) Ovary-and style x 2. 


CORRECTIONS AND ADDITIONS. 
On p. 214 of Vol. xxxii. of the Proceedings— 


For Pultenaea petiolaris, Cunn. read Pultenaea polifolia, Cunn., 
and add: Port Jackson, Blue Mountains, Bondi Dist., New South 
Wales; Mitta Mitta, Victoria (S. F. Clinton). 

For Pultenaea polifolia, Cunn. read Pultenaea petiolaris, Cunn.,. 


and add: Rockingham Bay, Burnett R., Brisbane R., Queens- 
land. ae | 


Proc. B.S. Victoria, 1921. Plate VI. 
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Proc. R.S. Victoria, 1921. Plate VII. 


‘ i Va 
NG 


Ne 
] Sy 
/ Pacerosa RBr 


var. acecularis var. nov P costata Sp. Tova 


A? f > a 
ay 
A b 
4 o 
DS Ci 
‘ P laxiflora Bth us Ptenuifolia RBy 
41 var. procumbens Bth wi var. pilosa var nov. Pfasciculata Bth. 
WY 
Ver. 
Deanei 


Pbarvetlera Sueb. Pferruginea Rudge 
WZ 


2 hispidula R.Br P Graveolens Tale Puviscidula Tate Ptrifida JMBlack 


P Vrolandé Maiden Precurvifola spnova Pechinula Sieb Pdivaricata SP. NOV. 
H.B.W. del. 


A ad 


% 
ae 
A » 
*. 
- ’ 
s ; 
« 
we — 
@ 7 
+ 
= 
se — 
* » « 
‘ a 
ey al 


a F 


a es el ee 
a mid “« = ‘ 


es 
OF 


e 


_ — apy are ty = 


[Proc. Roy. Soc. Vicroria, 33 (N.S.), 1921.] 


Art. XI.—Description of Bracebridge Wilson Collection of 
Victorian Chitons, with Description of two new Species. 


By EDWIN ASHBY, F.LS., M.B.0.U. 
(CoMMUNICATED BY J, A. KERSHAW.) 
(With Plate VIII.) 


[Read 11th November, 1920.] . 


Mr. J. A. Kershaw, Curator of the National Museum, Mel- . 
‘bourne, has placed the collection of Chitons, made by the late 
Mr. J. Bracebridge Wilson in connection with the Port Phillip 
Exploration Committee of the Royal.Society of Victoria, in my 
hands for examination and re-identification. 

This collection was dealt with in a very able manner by Mr. 
-E. R. Sykes, B.A., F.Z.S., etc., in his paper entitled “ Report 
-on a Collection of Polyplacophora from Port Phillip, Victoria, 
(Proc. Mal. Soc., vol. ii., pt. 2, July, 1896.) 

Since that time a great deal of excellent work has been done 
‘in Australian Chitons by quite a long list of earnest workers. 
In view of this more recent work, some of Mr. Sykes’ identi- 
-fications have to be altered. Probably in some cases he had not at 
‘that time had any opportunity of seeing actual specimens, and 
depended solely on descriptions for his identifications, an ex- 
-ample of such a case being his identification of Ischnochiton 
tateanus, Bednall. 

The specimens are preserved in spirit, but many are badly 
stained, and the valves and girdle scales disarticulated or broken 
away. The collection, considering the comparatively small 
‘number of specimens, is a most remarkable one, containing 
-an extraordinary percentage of rarities. 

Of the twenty-two species identified by Mr. Sykes, he described 
five as new, all of which are still amongst our rare, and some 
amongst our rarest, Chitons; but in addition to these five, were 
four other new species mis-identified by Sykes, and although all 
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of them are well-defined species, they were not described for a 
good many years subsequent to the production of Mr. Sykes’ 
paper. D> 

Lepidopleurus——Specimens belonging to this genus are dealt 
with towards the close of this paper. 

Callochiton rufus, Ashby (Trans. Roy. Soc. of S. Aust., vol. 
xxiv., pt. ii., p. 86), mis-identified by Sykes as C. platessa Gould. 
This specimen is considerably smaller than the type which was. 
described by me, 3rd September, 1900. It is a wonder that so 
good an observer as Mr. Sykes overlooked the deep pits or 
grooves that traverse the pleural area in the median valves— 
a feature that so clearly distinguishes this species from C. platessa, 
Gl. Possibly it was only examined when wet, as this feature 
might then be easily overlooked. Unless the specimen taken by 
Dr. Thiele in Western Australia is referable to this shell, previ- 
‘ously to this identification the type was unique. As both, were 
dredged it is undoubtedly a deep water species, and a very in- 
teresting addition to the Victorian fauna. Sykes says that he 
examined it with specimens in the British Museum, named C. 
platessa, Gould, which raises the question as to the possibility of 
the shell I named rufus being the same shell that Gould called. 
platessa. But this contention seems quite out of the question,. 
for, while C. platessa, or the shell we have been in the habit of 
calling by that name, is quite common at Port Jackson, the shelk: 
we are now discussing is not known from that locality at all. A. 
reference to Gould’s description in his ‘‘“‘ Otia Conchologica,” 
which I now append, supports this view, for he makes no re-- 
ference to the deep grooves so characteristic of C. rufus. The 
following quotation covers all his reference to the pleural areas: 
in which the deep grooves are situated: ‘ Areis centralibus lineis- 
confertis acutis granulatis arcuatim decussatis.” As compared. 
with platessa this specimen shows three distinct longitudinal 
grooves, which are absent in the former species, the shell is more 
carinated than platessa, lateral area more raised, is more beaked,. 
also the girdle scales are broader and shorter than platessa. It 
corresponds with type of C. rufus, Ashby, except that it is a. 
juvenile, one-quarter the size, and is more beaked than the type. 

Stenochiton pallens, Ashby. Mis-identified by Sykes as S. 
juloides, Ad. and Ang. Curiously enough this species was: 
described by myself in the same paper as the previous one. The 
few specimens known have all been dredged. Messrs. Gatliff 
and Gabriel sent me this specimen to compare with the type im 
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1917, and jthey corrected the mis-identification of Sykes in vol. 
xXxx., pt. 1., of these Proceedings. 

Ischnochiton torri, Iredale and May, appears in Sykes’ paper 
as Ischnochiton ustulatus, Reeve. 

Note-—Mr. W. L. May has referred me to a note contained. 
in a letter addressed to himself by Mr. Tom Iredale on 26th 
April, 1916, which reads: “ Ustulatus, Reeve, has girdle scales 
almost as large as decussatus, and specimens dredged in Port 
Phillip almost exactly agree. Sykes recorded it, and I think he 
was right.”” Mr. Jas. A. Kershaw has been good enough to return - 
to me for further examination the specimen Sykes so determined, 
as, in the first examination, I cannot remember having paid par- 
ticular attention to the girdle scales. This second examination 
confirms my earlier determination; the scales are quite. typical, 
and it in every respect corresponds with the South Australian 
shells named by Iredale and May Ischnochiton torri. 

Ischnochiton crispus, Reeve. Identified as such by Sykes. 
Specimens are large, not very well preserved, typically varied, 
one form being described by Sykes as variety decoratus. Type 
No. 890. 

Ischnochiton crispus, Reeve, var. decoratus, Sykes. 

Ischnochiton falcatus, Hull, mis-identified by Sykes as J. 
tateanus, Bed. While this interesting shell; so well described by 
_ Mr. A. F. Basset Hull, 1s easily separated from J. tateanus, a good 
many workers have at times confused them. The latter has the 
serrations of posterior margins of median valves ‘“ file like,” and 
falcatus straight. 

Ischnochiton wilsoni, Sykes. Type. One of Sykes’ new species, 
and a very fine one too, and still a rarity. 

Ischnochiton iredalei, Dupuis, Auct. lineolatus, Blainville. Ire- 
dale and May, Auct., contractus, Reeve, Pilsbry, and identified 
as I. contractus, Reeve, by Sykes. Many of these specimens are 
so stained that identification is not very accurate. 

Ischnochiton virgatus, Reeve. Marked in Sykes’ list as [schno- 
chiton (?) sp. 

Ischnochiton (Haploplax) pura, Sykes. Type. This is still 
a rare species, and up to the present, only taken in Victoria. 

Ischnoradsia evanida, Sowerby. Identified by Sykes as [. aus- 
tralis, Sow., of which it is a sub-species. , 

Heterozona cartesus, Pilsbry.. A good series. identified- under 
this name by Sykes. Hit 
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Plaxiphora albida, Blainville, syn. petholata, G. B. Sby., and so 
identified by Sykes. 

Acanthochiton bednalli, igen One specimen only, anes 
identified by Sykes. 

Acanthochiton pilsbryi, Sykes. Type. After careful cleaning 
this type specimen was found by the writer to be conspecific with 
A. maughani, Torr and Ashby, and fully described by him in 
Trans. Roy. Soc. of S. Aust., vol. xli., 1919. 

Acanthochiton gatliffi, Ashby. This specimen was marked ( ?) 
A. bednalli. A second specimen is in the collection (9 G.P.B.) mis- 
identified by Sykes as A. bednalli. I have placed this in a separate 
capsule. Of these two specimens one is in fair condition, the 
other eroded. It is remarkable that these specimens have for 
so many years been in this collection, and yet no worker has > 
noticed their distinguishing characters. I only’ described this 
species last year from a specimen collected by myself at Port 
Lincoln, South Australia. 

Acanthochiton (Notoplax) matthewsi, Bed. and Pils. Iden- 
tified as such by Sykes. 

Acanthochiton (Notoplax) speciosus, H. Adams. Identified 
as such by Sykes. 

Acanthichiton wilsoni, Sykes. Type. Afterwards described by 
Dr. Torr under the name of levis, which becomes a synonym. 
This is a very fine species. The little, somewhat eroded specimen 
numbered 909 is, I think, referable to this species, but no men- 
tion is made of it in Sykes’ paper. 

Acanthochiton (Notoplax) glyptus, Sykes. Type. This is in 
some respects, I think, the finest of all our Australian Acantho- 
chitons. As far as I am aware, only three specimens have been 
taken since Sykes’ description was written, all three being taken 
by Mr. Gatliff in Victoria. 

Cryptoplax striatus, Lamark. So identified by Sykes. 

Rhyssoplax bednalli, Pilsbry. Identified as such by Sykes. 
This fine Chiton is still exceedingly rare. I have only taken a 
single valve myself, and I believe all the very limited shells 
known have been dredged. The sculpture coincides so closely 
with R. exoptandus as to suggest that it is a deep water form of 
that species. 

_ Rhyssoplax tricostalis, Pilsbry. Wrongly identified by Sykes 
as the New South Wales shell, which had been described by A. 
Adams under the name of Chiton muricatus, a name which Sykes 
_ points out in his paper was pre-occupied, and he adopts Carpen- 
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ter’s manuscript name of limans in place thereof, calling the 
specimens in the Wilson collection Chiton limans, Sykes, and giv- 
ing no fresh description. A careful examination reveals the fact 
that the specimens to which Sykes attached the name of limans 
are, really Pilsbry’s shell, R. tricostalis, named two years earlier 
‘than the issue of Sykes’ paper, the pointed scales “sub erect 
apices” of the shells from Port Jackson, to which Carpenter’s 
‘manuscript refers, are not present in the specimens in this col- 
lection. 7 
RHYSSOPLAX JACKSONENSIS, n.sp. 


Non Chiton muricatus, Tilestus (Mem. Ac. St. Petersb. (1st 
ser.) ix., p. 483, ¢. 16, £.°3; 1824." See Middendorf, “Mal. 
Ross., p. 129). “Chiton muricatus, ‘A-Ad.(P.Z°S., 1852, ‘p: 
91, t. 16, f. 6), not of Tilesius. Lophyrus muricatus, An- 
Pas: (FP Z.5., 1865, Teo, 1867," p- 222) rotor “TP itestis: 
Chiton limans, and Chiton carnosus, Carpenter MSS., is a 
nomen nudum. Chiton muricatus, A. Adams of Pilsbry 
fran, Cons Ser, p! 175, pl “a7, te, 12,15, 1eo2 }o mot oe 
Tilesius. Non Chitans limans, Sykes (Proc. Mal. Soc., vol. 
11., pt. 2, p. 93, July, 1896), which is not limans of Car- 
penter, but = Chiton tricostalis, Pilsbry .(Naut., vol. viti, 
p. 54, 1894). 

Introduction—The discovery that the shells in the Wilson 
collection which Sykes named in 1896 as Chiton limans, Sykes, 
were really a shell described two years earlier by Dr. Pilsbry, 
sunder the name of Chiton tricostalis, leaves the New South Wales 
shell still without a name. 

The name muricatus, given to this shell, by Adams, and Jiagihied 
‘by both Angas and Pilsbry, as shown above, was preoccupied. 
Carpenter’s MSS. name of limans cannot now be used. Chiton 
dimans of Sykes now becomes a syrionym of Rhyssoplax tricos- 
talis. J therefore propose to name this familiar New South 
‘Wales shell Rhyssoplax jacksonensis, Ashby, after the famous 
harbour in which I collected the type. 

Description—The following is Pilsbry’s description, under 
‘the name of Chiton muricatus, A.Ads., and it is, I believe, a 
transcription from Carpenter’s manuscript. It is such an excel- 
lent description of the shell I have selected as type, that I copy 
it in full, supplementing it with a few additional notes of my 
Own :— 

“Shell oval, elevated, the jugum acute; mucro median, sub- 
prominent; olivaceous, maculated with paler; entire surface 


154 Edwin Ashby : 


minutely punctate; central areas having about 14 grooves on each 
side, obsolete in the middle; lateral areas having two riblets, 
sometimes bifurcating, or with another itercalated, furnished with: 
strong acute tubercles, interstices smooth; end valves with 10-20: 
such riblets. 

“ Interior.—Anterior valve having 8, central 1, posterior valve 
9 slits; teeth normal; sinus moderate; with about 15 denticles. 
Girdle furnished -with large and small, wide, distinctly striated, 
elevated, acutely pointed scales. Length 233, breadth 12} mm., 
divergence 100°.” 

The shell I have selected as the type measures 19 x 9 mm., but: 
the girdle is not well spread out; another given to me by Mr. 
A. F. Basset Hull measures 19 x 11 mm. It will be seen that 
these are slightly smaller than the measurements given by Pils 
bry, and the number of ribs are proportionately less. Some of 
the ribs in the end valves bifurcate in my specimens. The rib— 
bing in the central areas differs slightly from normal tricostalis of 
a similar size, in that they are narrow ridges, equally raised on 
both sides, whereas in tricostalis one side is more sloping, more 
of the nature of “ weather boarding,” but in both species there is. 
a considerable range of divergence. 

Variation—The strong acute tubercles of the lateral ribs are 
much modified in some specimens. Instead of being “ sharp» 


pointed tubercles,” they are mere ridges, in this respect approach-- 


ing more closely to tricostalis. Carpenter’s manuscript name,. 
carnosus probably referred to this varient. In the specimen L 


have chosen as type, these tubercles are characteristically sharp: 


pointed. In colour, there is also a considerable variation; one 
specimen has end valves, the whole of the ridge, and several 
lateral areas, pink, two valves have dark brown lateral areas. 
and two cream. Another, not now in my collection, was mostly” 
cream, touched up with pink. 


Habitat—All my specimens came from Port Jackson; the one: 
I have selected as type I collected in the Quarantine Station there: 


on 23rd November, 1918. 

The type remains in my collection for the present, but it 1s. 
intended that it shall ultimately be placed in the South Austra- 
lian Museum. 

Note.—This shell can "easily be distinguished from R. tricostalts,. 
Pils., and aureo-maculata, Bed. and Mat., by the pointed girdle 
scales, this feature being so prominent that it can be noted. with— 
out the aid of a lens. 
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LEPIDOPLEURUS. 


There are two species of this genus represented in the col- 
lection. So many points of interest are involved in their identi— 
fication, that they almost want a paper to themselves. ° 

Messrs. Iredale and May, in their valuable paper (Proc. Mal.. 
Soc., vol. xii, pts. II. and III., Nov., 1916, p. 99), discuss the 
question of the identification of Reeves’ Lepidopleurus inquinatis, 
described as from “ Van Dieman’s Land; Dr. Sinclair,” and. 
conclude their discussion with these words: ‘‘ However, all those 
we have yet examined seem to fall into Parachiton, since the 
girdle appears to be covered with slender glassy spikes, while 
inquinatus and the Neozelandic shore shells have the girdle 
covered with small scales,’ and add, “ There may be a shore 
shell in South Australia which may bear the name of liratus.” 
i show later on in this paper that, while all the species under 
discussion have girdles furnished with scales, they also, all, in 
a varying degree, have-some spicules present as well. It is not 
at all difficult to understand why Reeves and Adams and Angas. 
should have ignored this feature when one has seen how easily” 
these spicules disappear, or become a negligible quantity in shells’ 
kept a long time in spirit, or that are carelessly preserved. 

I have gone carefully into this question, comparing the material 
I have available with Reeves’ description and plates of L. im- 
quinatus and Adam and Angas’ description of L. liratus, and I 
have come to the conclusion that we are amply justified in recog- 
nising in the South Australian shore shell the Lepidopleurus 
liratus of Ad. and Ang., and endorse the action of Sykes in re- 
cognising in some of the specimens from Port Phillip Reeves” 
Chiton inquinatus, which shell coincides with one of the forms. 
dredged in Tasmania by Mr. W. L. May. I now separate the 
Neozelandic shell describing it under the name o iredalei, in ac— 
knowledgment of the suggestive remarks quoted above. 

Lepidopleurus liratus, Ad. and Ang. (P.Z.S., London, 1864, 
p. 192, Angas l.c. 1865, p. 187.) 

There are two small specimens which I consider correspond 
with the shore shell found, although never numerous, in all 
places in South Australia where I have collected. It is quite 
evident that the shell collected by Angas, “ Under stones at low 
water, Yorke’s Peninsula, South Australia,” is the one that has: 
been known in collections from that State as L. inquinatus,. 
Reeve, but was included in my Distribution List (Trans. R. Soc. 
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of S. Aust., vol. xlii., 1918), under the name of L. liratus, Ad. 
and Ang., and I propose now to recognise it as such. I append 
in full the original description, as quoted by Pilsbry, Man. Couch. 
xv., p. 101: “ Shell small, elongated, convex; yellowish brown, 
maculated with pale brown, end valves and lateral areas concen- 
trically remotely sulcated, densely and minutely lirate, the 
lirae closely pustulose. Posterior valve elevated, lateral areas 
slightly elevated, median valves obtusely carinated in the middle; 
dorsal areas longitudinally lirate, the lirae closely pustulose. 
Girdle pale brown, densely covered with minute scales. Length 8 
mm., width 4 mm. Yorke’s Peninsula, South Australia, under 
stones at low water.” 

To this description I would add, the girdle is clothed with 
minute, irregular, mostly rather long, scales, often placed at dif- 
ferent angles. It has a girdle fringe of spicules, and scattered 
spicules occur in a varying degree in different specimens. This 
probably constitutes a first record for the State of Victoria for 
this species. 

Mr. Sykes did not, in his paper, distinguish this shell from 
those he identified as the following species. 

Lepidopleurus inquinatus, Reeve (Con. Icon., Reeve, pl. xxiii., 
f. 154), of which the following is a transcription of the original 
description. 

“ Chiton inquinatus, the Solid Chiton. Shell oblong-ovate, ter- 
minal valves, and lateral areas of the rest concentrically, some- 
what obscurely ribbed, finely, radially grooved, central areas 
longitudinally, finely ridged; ligament, horny, arenaceous, whit- 
ish, stained with light brown spot along the summit of each valve. 
Hab.—Van Dieman’s Land; Dr. Sinclair. This shell is some- 
times partially stained throughout with the faint brown colour 
which appears on-the umbonal summit.” 

Mr. Sykes, in his paper aforesaid, page 86, identifies these 


specimens, of which there is a nice series, as Reeve’s inquinatus, 


and says:—‘Having had the advantage of separating the valves 
of one of Reeves’ specimens, I am able to be positive of the iden- 
tification.” 

As compared with the previous species, the granules in the 
longitudinal ribbing are smaller, less raised, and have a smoothed 
or planed off appearance. Perhaps the sculpture will be best 


described as ribs formed of strings of coalesced granules, whose _ 


1ipper sides are flattened, thus forming a continuous rib. The 
dorsal area is similar in sculpture, except’ that the ribbing is 
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narrower and more closely packed. The lateral areas are much 
raised, similar in sculpture to the other areas, but radial, the. 
lines of growth in this area are marked by very coarse, concen- 
tric ribbing, or undulations, differing but little in this respect. 
from those of liratus, Adams and Angas. In some of the valves: 
the sculpture, especially towards the posterior margin, is smooth. 
and highly polished, in this respect coinciding with the New 
Zealand shell. 

The largest specimen, without the girdle, which is too incurved 
to measure, is 26 x 7 mm. In this specimen, the granules are: 
more defined, especially in the lateral areas, and the smooth, 
highly polished character seemed absent. 

Girdle —While some of the specimens, in addition to the girdle- 
fringe, have a few scattered spicules, the largest is almost free. 
from them. The girdle in all is covered with minute scales, 
which are well described under the term arenaceous, the term~ 
used by Reeve. In this they differ from the preceding species,. 
and still more widely from the Neozelandic shell. 

In conclusion—Mr. W. L. May has been good enough to lend. 
me a specimen which he dredged in 15 fathoms in the Schouten. 
Passage, Tasmania, adhering to shell. This is identical with the 
Port Phillip shells under review, although the girdle is a little 
more spiculose. 

I cannot see any justification in assuming that Reeve’s locality 
of Tasmania was a mistake, and that it should have been New 
Zealand. The character he gives of the girdle scales certainly 
fits this form, and not the Neozelandic shell. The only difficulty 
is the omission in the original description of any mention of 
spicules in the girdle. This may easily be accounted for as in some 
specimens they seem barely present at all. I therefore propose: 
to reinstate Reeve’s inquinatus, giving as its habitat, Genpiela: 
water in Tasmania, Victoria and South Australia. 


LEPIDOPLEURUS IREDALEI, f1.Sp. 


The recognition of Reeve’s Chiton inquinatus as one of the 
Australian shells, makes it necessary to describe the New Zea- 
land shell under a new name, and as Mr. Tom Iredale’s remarks. 
before quoted, are a contributing factor towards the recognition. 
of Adams and Angas’ L. liratus, I think it is only just that the 
Neozelandic shell, which has so long been known under the name: 
of L. imquinatus, Reeve, should bear Mr. Iredale’s name, and. 
therefore I have pleasure in calling it after him. 
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Lepidopleurus iredalet differs from L. imquinatus, Reeve, in 
that the girdle is clothed with comparatively large, flattened, irre- 
gular scales, quite different from the Tasmanian shell, in which 
species the scales are like minute, irregular grains of sand. In 
sommon with the other species, the girdle is furnished with a 
-spiculose fringe, but in some of the specimens before me the 
girdle is almost otherwise bare of spicules. Evidently this 
«character is not constant, for the specimen I have selected for 
the type has small bunches of spicules at the sutures, and in 
sseveral of the others this feature is just discernible in a few 
places. Mr. Iredale must have overlooked this character 
when he placed the Neozelandic shell, and Reeve’s inquinatus 
-among the group that have no spicules. 

Undoubtedly the New Zealand shell is barely spiculose as com- 
pared with some of the Australian species, but, as I have shown, 
‘spicules are not entirely absent. It seems doubtful whether the 
non-existence of spicules is a sufficient ground for generic or 
-sub-generic separation in the Lepidopleuridae, for the range of 
divergence in this respect is very great, even in the same species. 

To sum up—L. liratus, Ad. and Ang. is more spiculose than 
L. inquinatus, Reeve, and the latter is more spiculose than is 
‘the case with the Neozelandic shell. The latter is more rounded 
than the Tasmanian, and the polished appearance is more per- 
-sistent. 

Colour—The dark specimens vary from liver brown to hazel 
(plate xiv., Ridgway’s Colour Standards), and the lighter colour 
‘in the paler forms is cinnamon (pl. xxix). 

Measurement—The largest of the specimens before me is 14 
-x 7 mm., and the one I have selected as the type, because it shows 
‘the sutural spicules more distinctly, is 8 x 44 mm., dry specimens. 

Habitat—The type is from Doubtless Bay, New Zealand, col- 
‘lected by Mr. Albert E. Brooks, to whom my acknowledgments 
are due for the specimens. | 

I cannot separate the Doubtless Bay specimens from one from 
Auckland Harbour, collected by the late Mr. Suter in 1895. The 
‘type, for the present, remains in my possession. 


Victorian Chitons. 159 


DESCRIPTION OF PLATE, VIII. 


Fig. la. Rhyssoplax jacksonensis, Ashby. Shell, x nearly 5. 

1b. . a” showing pointed girdle 
scales, x 28. 

2. Rhyssoplax tricostalis, Pilsbry, showing girdle scales, 
x 28: 

3a. Lepidopleurus iredaleit, Ashby. Shell, x 10. 

3b. is as _showing portion of valves 
and flat, irregular, girdle scales, x 28. 


bP] 


[Proc. Roy. Soc. Vicroria. 33 (N.S.), 1921]. 


Arr. XIIl.—Researches into the Serological Diagnosis of 
Contagious Plewro-Pneumonia of Cattle. 


By G. G. HESLOP, M.V.Sc., D.V.H. 
(Walter and Eliza Hall Fellow). 


(Communicated by Professor H. A. WoopRuFF.) 
[Read 9th December, 1920. | 


Introduction. 


Contagious pleuro-pneumonia was introduced into Australia. 


by the importation into Victoria of an infected cow from Great 


Britain in 1858. Soon after its introduction into Australia the 


disease spread with alarming rapidity, and in a very short time 


it had become disseminated through every State in the Common-. 


wealth. 
At the present time the disease exists in each of the Australian 
States, with the single exception of Tasmania, which, owing to 


its geographical situation, has been able, by the adoption of rigid. 
quarantine restrictions, to prevent introduction from the main-. 


land. 


In Victoria an active policy has been adopted by the State: 


Veterinary Department, in dealing with outbreaks; the measures 


adopted being strict quarantine of infected and incontact herds,. 


the slaughter of all visibly infected animals, isolation of all doubt- 


ful cases, and prophylactic immunisation by inoculation of virus. 


subcutaneously in the tail of all contacts. 


That these measures have proved inadequate to free the State. 


of pleuro-pneumonia, and keep it free from the disease is evi- 


denced by the occasional outbreaks which occur from time to: 
time in various portions of the State. On the other hand, their 
application has been attended with a considerable amount of 


success, and any relaxation of them is immediately followed by 
an extension of the disease throughout the State. 
As an instance: During the late war, owing to the absence 


on active service of the majority of the members of the State- 


1, W. T. Kendall (1913), “Notes on the Early History of the Veterinary 
Profession in Victoria.” Report of the 14th meeting of the Australasian 
Association for the Advancement of Science, p. 704. 
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Veterinary service, it became necessary for the Department of 
Agriculture to modify and relax the usual method of dealing 
with outbreaks of contagious pleuro-pneumonia. It is a signifi- 
cant fact, that during that war period, the disease became more. 
prevalent throughout Victoria than it had been for many years. 

As far as Victoria is concerned, the difficulties of control and. 
eradication are enormously increased by the border: traffic in 
animals from neighbouring States, and the impossibility of recog-- 
nising, by clinical examination alone, the presence of carriers of. 
latent infection. 

The records obtained over a number of years in Victoria show 
the large percentage of outbreaks of the disease, which owe their 
origin to the unsuspected introduction of a carrier of the infec- 
tion into a healthy herd. The diagnosis and destruction of these: 
so-called ‘‘recovered animals,” carriers of a potential infection, 
which readily becomes actual when they come in contact with 
susceptible animals, is therefore a matter of prime importance: 
in successfully eradicating the disease from any particular State. 

In certain European countries, notably Great Britain, and in. 
the U.S.A., the disease has been eradicated by adopting the pro- 
cedure of wholesale slaughter of all the animals concerned in 
each and every outbreak. This procedure, whilst economically 
justifiable in those countries with our present knowledge of the 
disease, is at the same time unscientific and costly, since it neces- 
sitates the destruction of a very large number of healthy cattle: 
in order to attain its object. 

The difficulties of adopting such a course of stamping out the: 
disease in Australia at the present day are obvious, owing to the 
large area over which the disease has spread, the scattered nature. 
of the outbreaks, the number of cattle, the slaughter of which. 
would be involved in such stamping out process, the enormous. 
cost of compensating the owners of the slaughtered animals, and. 
also owing to the existence of the disease on stations situated. 
in the more remote parts of Australia, where it would be im- 
possible to muster all the cattle on the particular property at any 
one time. | } 

The variable incubation period, which may be anything from: 
10 to 30 days, and the fact that an animal affected with the: 
disease, but not showing recognisable clinical signs of such -in- 
fection, may be an actual infective agent, renders the task of 
localising outbreaks exéeedingly difficult. The role played in the 
dissemination of the disease by so-called “ recovered attimals;:” 
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adds a further complication to the etfective eradication of the 
disease from any particular State. These “ recovered animals ” 
are capable of retaining the infective agent in a latent form for 
ait least several months, and the unsuspected introduction of such 
animals into healthy herds often provides the starting points of 
fresh outbreaks. 

Thus, apart from animals in which the disease can be recog- 
nised by the clinical symptoms alone, the disease is mainly pro- 
pagated by “carriers” (so called ‘ recovered” animals), or by 
affected animals in which the usual clinical signs of the disease 
are not apparent. The importance of eliminating such animals 
‘as early as possible from herds in which the disease has appeared, 
and the difficulty of attaining the desired object when one has 
recourse only to the usual clinical methods of diagnosis, made it 
essential that some more searching and reliable diagnostic method 
should be elaborated, which could be applied to such cases, in 
order to detect them. It was mainly with the object of attempt- 
ing to arrive at such a diagnostic method that this present research 
work was undertaken. 


I desire to express my grateful appreciation and thanks to Dr. . 


S. S. Cameron, Director of Agriculture, Victoria, and to Mr. 
W. A. N. Robertson, B.V.Sc., Chief Veterinary Officer, Depart- 
ment of Agriculture, Victoria, for the opportunity and assist- 
ance they have granted me to pursue the study of contagious 
pleuro-pneumonia uninterruptedly for close upon twelve months. 

To the staff of the Live Stock Division, Department of Agri- 
culture, Victoria, I am indebted for the collection of blood samples 
from infected and non-infected animals, and for post-mortem 
records of the animals supplying the various sera tested. 

To Professor H. A. Woodruff, Director of the Veterinary 
Research Institute, Melbourne University, I desire to express 
my gratefu) appreciation and thanks, and acknowledge my in- 


debtedness for the assistance rendered to me by himself and the 


staff of the Research Institute, during the course of this research 
work. The work has been carried out in the laboratories of the 
Veterinury Research Institute, and the materials of the labora- 
tories, and the assistance of the staff have been placed freely at 
my disposal throughout. 

To Dr. L. B. Bull, Deputy Director, South Australian Govern- 
anen: Laboratory of Pathology and Bacteriology, I am indebted 
for much kind advice and criticism of the earlier work on Ag- 
glutination and Complement Fixation, reit> . acl ; moths | 
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I am also deeply grateful to the trustees of the Walter and 
Eliza Hall Research: Fund, for the appointment as ‘“ Walter and 
Eliza Hall Research Fellow in Veterinary Science,” and for pro- 
viding from their fund the moneys required to cover the ex- 
penses incidental to this research work. 


Historical Resume. 


The earliest conception of the etiology of pleuro-pneumonia 
was that cold was the primary cause operating in the produc- 
tion of the disease. 

tn 1852 Willems (20)* as a result of a number of observa- 
tions and experiments, demonstrated that the disease was con- 
tagious, and that. healthy animals had to come into close con- 
tact with diseased animals before the disease would spread from 
one to the other. He further demonstrated that, in order that 
the disease could spread, it was necessary for contact to be be- 
tween living animals. The disease was not spread when healthy 
animals were exposed to contact with the carcase of an animal 
which had died from contagious pleuro-pneumonia. His experi- 
ments with pleuritic serosity are of special interest, as they mark 
the commencement of-a system of immunisation against the 
_ disease, which system, with but very slight modifications, is ex- 
tensively practised at the present day. Willems found that if a 
small quantity of pleuritic serosity, taken from an animal af- 
fected with pleuro-pneumonia, was injected subcutaneously be- 
hind the shoulder of a healthy animal, there followed, after an 
incubation period varying from 8 to 15 days, a firm swelling, 
later becoming fluctuating, hot and painful, which then rapidly 
increased in size, and gave rise to an invading oedema of the 
whole of the connective tissue in the region of the inoculation. 
This swelling contained a large quantity of clear amber-coloured 
serosity, a small quantity of which injected into another healthy 
bovine animal behind the shoulder gave rise to a similar swelling 
at and around the site of inoculation. Death of the experimental 
animals almost invariably followed these experimental inocula- 
tions behind the shoulder, but when inoculations with the same 
materials were made subcutaneously in the tail, a few centimetres 
' from the tip, there followed a mild reaction, with some swelling 
of the tail, which usually subsided in the course of 15 to 21 days, 
but which occasionally terminated in a more or less extensive 


2. Reference is made by numbers to “ Literature Cited,” pp, 63-65. 


12a 


164 G. G. Heslop - 


necrosis of a portion of the tail. These benign reactions, he an— 
nounced, were productive of a marked degree of immunity against. 
natural infection with the disease At no time, as a result of these 
inoculations, either behind the shoulder, or in the tail, was he: 
able to demonstrate that they gave rise to a definite pleuro- 
pneumonia of the lungs, similar to that seen in animals naturally 
infected. He noticed, however, that the swelling produced as a. 
result of the subcutaneous injection of lymph behind the shoulder 
had many features histologically comparable with the condition. 
set up in the lungs by natural infection. 

In 1883 Pasteur (16) carried out some experiments with the. 
so-called “lymph” (pulmonary and pleuritic exudate), and he. 
declared that the lymph contained pure virus, which could not. 
be cultivated on ordinary media. 

“Sussdorf (1879), Bruylants and Verriest (1880), Putz. 
(1881), Himmelstoss (1884), Lustig (1885), Poels ‘and Nolen. 
(1886), isolated and described various microbes without estab-- 
lishing their specificity.” (12)° 

In 1895 Arloing (1) isolated from cases of pleuro-pneumonia. 
a short non-motile bacillus, which he named the pneumo-bacillus- 
liquefaciens-bovis, and which he claimed was the causal organ-- 
ism of pleuro-pneumonia. Pure cultures of this organism, ac-- 
cording to Arloing, when introduced intra-pulmonarily into 
healthy animals, were capable of producing the characteristic lung 
changes seen in naturally infected cases of pleuro-pneumonia,. 
while subcutaneous injection of pure culture into susceptible ani-- 
mals produced immunity. Arloing’s experiments are open to a- 
considerable amount of criticism, owing to the technique he em-- 
ployed, and although his experiments were repeated by others,. 
his announced results could not be confirmed. 

In 1898 Nocard and Roux (13), by means of an ingenious ex-- 
periment, succeeded in artificially cultivating the virus of pleuro- 
pneumonia in bouillon contained in collodion sacs, which were: 
inoculated with a trace of pulmonary serosity from an animal 
affected with pleuro-pneumonia, and were then embedded in the 
peritoneal cavities of rabbits. After 15 to 20 days the bouillon,. 
which at the commencement of the experiment was perfectly 


limpid, showed a faint opalescence, and thereafter the rabbits be- - 


came emaciated. The contents of control sacs similarly treated,. 
but not inoculated with serosity remained perfectly clear and 
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‘sterile, and the rabbits remained healthy. There were confined 
in the sacs containing the opalescent medium no bacteria cap- 
able of cultivation on.the.ordinary laboratory media. Under 
‘microscopic examination, with a high magnification (1500-2000 
diameters), and with an abundant illumination, there was ob- 
‘served in the opalescent culture medium a number of very small 
and refringent points, so.small that their individual structure. 
could not be accurately determined. 

Shortly after.the discovery of the causal organism of con- 
tagious bovine pleuro-pneumonia by Nocard and Roux, the 
disease engaged the attention of a number of scientists in vari- 
ous parts of the world. In 1900 Dujardin-Beaumetz (6) pub- 
lished his thesis on the isolation and cultivation of the organism. 
‘discovered by Nocard and Roux, which he showed could be 
grown in vitro in a special medium, consisting of Martin’s pep- 
tone bouillon, with the addition of serum. The organism was 
capable of traversing Berkfeld and Chamberland F. filter candles 
‘provided the virus or culture was suitably diluted prior to fil- 
tration. On the contrary, the Chamberlain B. filter candles 
formed an impassable barrier to the organism, irrespective of the 
‘dilution employed. He also described the characters of the cul- 
ture in special broth, and on solid media, and was able to pro- 
voke in eattle, by subcutaneous inoculation of pure culture in 
the trunk, a typical oedematous engorgement corresponding in 
-all its appearances to that following the inoculation of lung virus 
into similar animals in similar situations. 

In 1906 Dujardin-Beaumetz (7) succeeded in producing, with 
‘pure cultures of the organism in broth plus sheep’s serum, and 
in broth plus horse serum, similar lesions in sheep and goats 
to those observed following the inoculation of culture in broth 
‘plus ox serum into cattle. 

In 1910, Borrel, Dujardin-Beaumetz, Opeth y and Jouan (4) 
described in detail the morphology of the organisms they had 
isolated from pure cultures. They remarked upon the poly- 
morphism of the organisms in the preparations examined and 
‘described filamentous forms, chains, granules, round forms, ovoid 
forms, and pseudo-vibrion filaments. Asteroid forms in par- 
ticular were described, and they suggested the name ‘“‘ Asterococ- 
«cus mycoides” for the organism. 

Bordet, in 1910 (2), also published the result of his observa- 
tions concerning the morphology of the organism of contagious 
pleuro-pneumonia. He described granules and filaments re- 
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sembling spirilla and spirochetes, which originated from single: 
granules. 

Following closely on the work of Borrel, Dujardin-Beaumetz, 
Jeantet and Jouan, and on that of Bordet, Martinovski (8), in 
1911, published an account of his observations of the organisms. 
in cultures and in sections of diseased tissue. He also remarked 
upon the polymorphism of the organism, and after having 
described various forms, some of them similar to some of those: 
observed by Borrel, he concludes that “the study of the pleuro-- 
pneumonia microbe in the tissues of infected animals, and in the 
cultures, allows us to classify the microbe of Nocard and Roux. 
in the group of cocco-bacilli, so that the name “ Coccobacillus. 
mycoides peri-pneumonic”’ would suit it well, as it indicates all: 
the properties of this singular organism.”* 


K. F. Meyer (1909) (9) described in detail the pathological 
changes which occur in the lungs and other tissues in naturally 
infected cases of contagious pleuro-pneumonia, and also the 
changes which occur in tissues following a subcutaneous injec- 
tion of virus in the dewlap or in the tail. He states:—‘ It is. 
interesting to demonstrate that whichever tissue may have been. 
the seat of injection of pleuro-pneumonia virus, it always shows. 
exactly the same changes as have been described as being found. 
in the interstices of the lungs under natural infection.”® 


It is of passing interest to note that Meyer, in referring to 
the complications such as necrosis of the tail, peritonitis, etc.,. 
which sometimes follow the inoculation of virus, remarks :— 
“Tt has been stated that contamination of the vaccine is the cause: 
of complications. I quite disagree with such a notion, for work-- 
ing with absolutely pure cultures, and taking all aseptic precau— 
tions, we yet cannot avoid having losses. . Individual disposition, 
or weakening of the constitution form the cause of the mis- 
fortune.’ 


Boynton (1912) (5) has shown, as a result of a close study 
of the muscular changes brought about by intermuscular injec- 
tion of infected material into otherwise healthy bovines, that the 
lesions occurring in the muscles following such injections are his- 
tologically comparable with the lesions occurring in the lungs in 
cases of the disease naturally acquired. 
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It was to be expected that, following on the isolation and suc- 
cessful cultivation of the causal organism of contagious pleuro- 
pneumonia, attempts would be made to apply the usual serological 
reactions, such as agglutination, precipitation, and complement. 
fixation, for the diagnosis of the disease in the living animal. 

Dujardin-Beaumetz (1900) (6), after experiments with cul- 
ture and serum from immunised bovines, announced that the 
“serum of hyper-vaccinated animals is not bactericidal, and ag- 
glutination is not able to be of any use in the diagnosis of pleuro- 
pneumonia.” However, in 1906 (7) he found that massive in- 
travenous injections of pure culture in Martin’s broth plus horse 
serum into horses gave rise to agglutinins in the horse serum, 
which could be demonstrated in dilutions up to 1-50. Further 
he demonstrated that this same serum would give a precipitin re- 
action when combined with the serum of experimentally inocu- 
lated bovines, and he suggested that, although as a serodiagnostic 
method it was delicate in performance, it might be of some use 
in order to confirm clinical diagnosis in certain chronic cases of 
the disease. 

Schochowsky in 1912 (18) published the results of his work 
on complement fixation in relation to pleuro-pneumonia.’ He 
concluded that it was impossible to obtain a reliable complement 
fixation reaction, and that complement fixation had no value as 
a serodiagnostic method for contagious pleuro-pneumonia. This 
view was also expressed, though not so definitely, by Poppe 
(1913) (17), who obtained unsatisfactory and contradictory re- 
sults with his work on complement fixation. He found, how- 
ever, that a precipitation test (Fornet’s ring reaction), gave 
fairly reliable results, but that sera had to be specially selected 
to act as precipitinogen. He. concluded that the test could be 
used with advantage for the diagnosis of doubtful cases where 
the clinical evidence was insufficient. 

K. F. Meyer (1914) (10), in a review of the filterable viruses 
in general, refers briefly to the more important work which has. 
been done in recent years on contagious pleuro-pneumonia. He 
points out that “the study of the filterable viruses is attended 
with considerable technical difficulties, and the experimental re- 
sults obtained depend largely on the ingenuity of the experi- 
menter.”? Referring to the complement fixation test in pleuro- 
pneumonia, he states:—“In some unpublished experiments the. 
author found the complement fixation tests very-unreliable for 
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the demonstration of an existing immunity in contagious pleuro- 
pneumonia of cattle. Only in one naturally infected animal 
could immune bodies be detected.”® 

Panisset (1914) (15) has also published.a summary of our 
present knowledge of the filterable viruses in general, and in do- 
ing so, has covered much of the ground covered by Meyer in his 


teview. It is interesting to note that Panisset in his summary 


states :—‘‘ L’immunisation contre les virus. filtrants ne semble pas 
proceder des memes principes que l’immunisation contre les bac- 
teries. Les phenomenes humoraux qui accompagnent l’etat 
dimmunite sont peu marques (agglutination, precipitation) ou 
manquent complement, on ne les observe bien que dans la peri- 
pneumonie qui a beaucoup d’egards est une maladie bien dif- 
ferenciee. Cependant la fixation des sensibilisatrices du serum 
est assez souvent observee.”? 
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Cultures. 


The foregoing chapter is a short resume of the literature at my 
disposal when this research work was commenced. Although it 
seemed probable that any attempt to apply the agglutination or 
complement fixation tests for the diagnosis of contagious pleuro- 
pneumonia would not be successful, it was decided to proceed 
with the research work, more especially because no such work 
had been previously attempted in Australia. Accordingly, on 
4/10/19, a commencement was made by obtaining virulent lung 
serosity from a naturally infected cow which was‘killed at the 
City Abattoirs, Melbourne. A small quantity of this lung serosity 
was collected under aseptic conditions in sterile Pasteur pipettes, 
and inoculated direct into ten tubes of Martin’s peptone bouillon 
plus 7.5 per cent. normal ox serum, and placed in the incubator at 
37°C. A further quantity of the lung serosity from the same ani- 
mal was collected in a sterile bottle, and brought to the laboratory. 
This serosity was used later for an experiment to demonstrate 
the filter-passing properties of the organism of contagious pleuro- 
pneumonia. eee 

Of the ten tubes inoculatéd direct with virulent lung serosity 
on 4/10/19, four showed obvious contamination after 36 hours’ 
incubation, and were discarded. Of the six remaining tubes one 
proved sterile, the other five showed in from 4 to 6 days a faint 


’ 
e 
re ° 
ee 


Plewro-Pneumonia of Cattle. 169 


«opalescence in the culture medium. ‘This opalescence was ex- 
tremely slight, and could be best recognised by holding the tubes 
-in such a manner that varying degrees of light fell upon them, 
-at the same time. comparing each tube with one or more control 
‘tubes of the same medium, which had been incubated, but which 
‘had not been inoculated. In order to recognise the presence of 
this slightly opalescent culture in Martin’s broth serum medium 
it is absolutely essential that each lot of tubes inoculated and 
incubated should be efficiently controlled by incubating tubes 
«of the same broth serum medium, which have not been inoculated, 
-and comparing them from time to time. 

Sub-cultures made into Martin’s broth plus ox serum, and 
‘incubated at 37°C. showed in 3 to 4 days the same opalescent 
sappearance noted in the primary cultures. . This opalescence 
could still be obtained after several generations of subcultures. 

Examination of stained films, made with this opalescent broth, 
sunder the microscope.with a- magnification of 1000 diameters, 
failed to reveal any recognisable micro-organisms, the material 
-in the film staining as a homogenous mass. 

In order to make sure that the opalescence in the broth was 
<due to the growth of micro-organisms, sub-cultures from the 
‘broth tubes were made on to Martin’s-broth-agar with sterile ox 
sserum added after it had been sloped. On this solid medium 
_very fine colonies developed in four days, at first only recog- 
nisable by means of a lens, but by the eighth day they assumed 
‘the size of a pin’s point. More or less colourless at first, and 
appearing like drops of dew on the surface of the medium, they 
‘later on became slightly opaque. These colonies appeared on the 
surface of the agar, but were firmly embedded into it, and were 
dislodged with difficulty. In most cases they had to be dug out 
-of the agar, so firmly were they attached. Several colonies were 
removed, and stained for microscopic examination en bloc. They 
stained readily with the basic stains, but were decolourised by 
“Gram’s method. Although the shape of the colony could be 
-distinguished under the microscope, individual organisms could 
not be seen with a magnification of 1000 diameters. 

Sub-cultures from the Martin’s broth tubes were made into 
Martin’s broth tubes containing 1 per cent. of various sugars 
-—saccharose, glucose, maltose, lactose, and the alcohol deriva- 
tives—mannite and dulcite. In the mannite and dulcite tubes no 
growth took place. This experiment was subsequently repeated 
with other cultures of the organism inoculated into mannite broth 
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with a similar result. In glucose Martin’s broth there is a very 
definite acid reaction developed. The acid reaction is apparent. 
after the third day of incubation, and increases towards the 
eighth day, when it apparently attains its maximum, though it. 
is apparent throughout the life of the culture. No gas is de- 
veloped by the organism in this-medium. In maltose Martin’s. 
broth there is also-a very definite acid reaction produced by the 
organism, but no gas is developed. In lactose Martin’s broth,. 
and in saccharose Martin’s broth, there is growth of the organ-- 
ism, but no acid or gas is developed. Tubes of each medium not 
inoculated, were incubated as controls, and showed an unaltered’ 
appearance on comparison with tubes of similar media, uninocu-- 
lated, and not incubated. The reaction of the organism on cul-- 
tivation in media containing various sugars can be summarised’ 
as follows :— 


Saccharose. Glucose. Maltose. Lactose. Mannite. Dulcite. 


Acid - — - ++ +2 + - — -+- Nogrowth - No growth. 
Gas - — - a ae eee) ee \ 


++ Strongly acid. 


In order to obtain cultures it is an absolute rule that the 
culture medium: must contain serum. In ordinary broth the or— 
ganism will not develop. On ordinary nutrient agar the organ- 
ism will not develop. No growth takes place on gelatine. For 
all growths obtained, Martin’s peptone bouillon has. been used. 
as a basis for the medium, and various sera have been tried in. 
various proportions. —Growths have been obtained in Martin’s. 
broth, to which either ox serum, horse serum, or rabbit’s serum. 
has been added. No growths have been obtained in Martin’s. 
broth with guinea-pig’s serum added, although several such tubes. 
have been inoculated. Growths have been obtained-in Martin’s. 
broth medium, in which the added ox serum did not exceed. 
3 per cent. It was found that about the most satisfactory serum 
content for the culture medium was 7.5 per cent., although very 
satisfactory growths could be obtained with slightly greater or 
lesser amounts of serum in the medium. ° 


Filtration Experiments. 


Experiments were made to test the filter passing properties: 
of the organism of contagious pleuro-pneumonia. Virus obtained. 
from active lesions in the lungs of cattle, affected with contagious. 
pleuro-pneumonia naturally acquired, which were slaughtered at 
the City and other Metropolitan Abattoirs, was mixed in varying 
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degrees of dilution with Martin’s peptone bouillon (previously fil- 
tered without the addition of serum). The broth and virus. 
were thoroughly mixed, and the mixture was then passed through 
a Chamberland F. filter at a pressure of 600 mm. of mercury. 
After all the broth-virus mixture had passed through: the filter, 
the requisite quantity of normal unheated ox serum was filtered 
through the same filter into the broth-virus filtrate. The result- 
ing filtrate was then placed in the incubator at 37°C. 

The whole operation ‘of filtration ‘was usually accomplished. 
in under 14 hours, but the time depended, of course, on the quan- 
tity of material to be filtered. Usually not more than 250 c.c. of 
broth-virus mixture, followed by the requisite amount of serum 
was passed through the one filter at the one period of filtration. 

A certain amount of difficulty was experienced in demonstra- 
ting the filtrability of the micro-organism, and a number of ex- 
periments had to be made before it was accomplished. Previ- 
ous workers ?° have established the fact that, unless properly 
diluted in a definite proportion (not exceeding 2 per cent.), im 
a medium without the addition of serum previous to filtration, the 
virus will not pass through the filter, and a sterile filtrate will 
result. Although this percentage was not exceeded in any of 
my experiments (excepting for a special purpose in one series of 
experiments), a sterile filtrate often resulted, and it would ap- 
pear that the passage of this organism through Chamberland F. 
filter candles, is not as easily accomplished as the statements of 
previous workers, would imply. It is to be regretted that, owing 
to the war, Berkfeld filters could not be obtained in Melbourne 
for this experimental work, because the passage of the organism 
through Berkfeld filters is apparently not attended with the 
same difficulties as the passage through the finer-grained filters 
such as the Chamberland F. 

In order to prove that absence of growth in the filtrate was 
not due to changes in the medium brought about by the filtration, 
the filtrate of one experiment, which had shown no growth on. 
incubation was distributed into four sterile flasks, two of which 
were then inoculated from a sub-culture of the organism of 
pleuro-pneumonia, the remaining two flasks being kept as con- 
trols 

In the two flasks inoculated with the sub-culture, the character- 
istic opalescent growth was obtained after four days’ incubation 
at 37°C., the two control flasks remained sterile. 


10. Nocard, Roux, and Dujardin-Beaumetz, 
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In order to prove that a culture obtained by primary inocula- 
tion of virulent serosity into Martin’s broth plus ox serum, was 
filtrable, the following experiment amongst others was under- 
taken :— | 

Two c.c. of a third sub-culture, from a culture which had been 
obtained by primary inoculation of virulent serosity into tubes of 
Martin’s broth, plus ox serum, at the time that the post-mortem 
examination was made, was diluted with 200 c.c.s., of Martin’s 
broth, without serum, and filtered through a Chamberland F. 
filter. Fifteen c.c.s. of normal ox serum were then filtered 
through the same filter into the same filtrate, and the final re- 
sulting filtrate was well mixed and distributed into sterile test 
tubes, and incubated at’37°C. Growth was apparent in 21 days. 
This experiment—or another similar to it, differing only in the 
quantities of broth, culture and serum employed (the ratio of 
culture to broth in each instance never exceeding 1 to 100)—was 
repeated later with a similar result, excepting that in the second 
instance growth was not apparent until after 25 days’ incuba- 
tion at 37°C. These experiments prove that the organism ob- 
tained in primary cultures by tube inoculations made at the post- 
mortem is capable of passing through a Chamberland F. filter 
when the culture is properly diluted with Martin’s broth prior 
to filtration. These experiments have also demonstrated another 
important fact, namely, that while growth may be apparent in 
from 4 to 6 days following a primary inoculation of virulent 
serosity into Martin’s broth plus ox serum at a post-mortem, 
growth is not apparent until from 21 to 25 days after a filtration — 
experiment through Chamberland F. filter candles. The result- 
ing growth in each instance, however, appears to have identical 
characters. 

If the required quantity of serum is added to Martin’s broth 
before filtration of the virulent material, the organisms will not 
pass through the filters. The Martin’s broth used for diluting 
the virus or culture prior to filtration should first be passed 
through a Chamberland F. filter in order to facilitate the next 
filtration when the virus of culture is added. It has been demon- 
strated by my experiments, that a dilution of 14 c.c.s. of cul- 
ture in 100 c.c.s. of previously filtered Martin’s broth without 
serum allowed the organism to pass through the filter, but in 
another experiment, where 4 c.c.s. of the same culture was diluted 
with 100 c.c.s., from the same bulk sample of Martin’s broth, the 
resulting filtrate was sterile. 
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Summary. 


The results of the experimental work carried out in order to 
obtain pure cultures of the organism for use in subsequent work 
can be summarised as follows :— 

(1) Martin’s broth (reaction +10, Eyre’s scale), with the. 
addition of 7.5 per cent. of normal ox serum, is the best medium. 
to employ in order to obtain primary cultures of the organism of 
contagious pleuro-pneumonia. Growth takes place under aerobic 
conditions of cultivation. The optimum incubation temperature: 
isi'37/°C. 

(2) Good growths can be obtained on subculture into Mar-. 
tin’s broth, with the addition of either 7.5 per cent. normal ox. 
serum, or normal horse serum, or normal rabbit serum. The: 
most copious growth on subculture. is obtained in Martin’s broth 
plus horse serum, while Martin’s broth plus rabbit’s serum gives. 
a more copious growth than Martin’s broth plus ox serum. 

(3) Following primary inoculation of Martin’s broth plus. 
ox serum media with virulent serosity, cultures can be obtained 
after 3 to 4 days’ incubation at 37°C.; whereas the same sample: 
of virulent serosity diluted and filtered through a Chamberland. 
F. filter does not give a recognisable growth until approximately 
21 days of incubation at 37°C. have elapsed. 

(4) The organisms in cultures obtained from primary inocu-- 
lation of virulent serosity into Martin’s broth plus ox serum are: 
capable of filtration through a Chamberland F. filter candle, pro-- 
vided that the culture is first diluted with Martin’s broth (with-.- 
out serum) in the proper quantity, i.e., preferably about 1 per 
cent., but never exceeding 2 per cent. The growth obtained is. 
only recognisable after approximately 21 days following the fil-- 
tration and incubation of the filtrate at 37°C. 

(5) The presence of a growth of the organism in Martin’s: 
broth serum media is apparent by the slight opalescence produced 
in the media after inoculation at 37°C. In order to recognise 
this opalescence it is imperative that uninoculated tubes of the- 
same broth be incubated along with the inoculated ones. That 
this opalescence is produced by the growth of a micro-organism. 
can be established by subcultures into other Martin’s broth tubes. 
and on to Martin’s broth agar, and by the fact that in. glucose: 
and maltose Martin’s broth media, with the appearance of the: 
_ opalescence, the reaction of the media is rendered distinctly acid,. 
whereas no change is apparent in Martin’s broth, containing sac-- 
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charose or lactose. Animal inoculation ultimately establishes 
the character of the organisms growing in the media. 


Serological Tests. 


In order to obtain a supply of cattle serum for subsequent 
‘tests, blood was obtained in sterile bottles from naturally infected 
-animals which were slaughtered at the City and various Metro- 
‘politan Abattoirs. In each case the carcase of the animal sup- 
plying the blood sample was submitted to a post-mortem exam- 
ination, and lesions of contagious pleuro-pneumonia were demon- 
strated in the lungs before the blood sample was labelled “ posi- 
tive.’ Each sample was given a number, and a record kept of 
‘the source of each sample. 

In addition to these samples, which were mainly collented by 
‘myself, I am indebted to the officers of the Stock Diseases Branch 
of the Victorian Department of Agriculture for several blood 
samples taken from animals which were killed in the field. No 
sample was labelled “ positive” unless at the time the sample 
-was taken the animal was submitted to a post-mortem examina- 
tion, and found to be affected with recognisable lesions of pleuro- 
“pneumonia. In this manner it has been possible to obtain a large 
and representative collection of positive blood samples from 
several individual outbreaks of pleuro-pneumonia in Victoria. 

Blood samples were also taken from cattle whose previous his- 
‘tory could be definitely determined, and who were known not 
to be affected with pleuro-pneumonia, or to have been in contact 
with affected animals at any time prior to the taking of the 
blood sample. In addition to. these “ positive” and “ negative ” 
‘blood samples, blood samples were taken from a few animals 
which had reacted to an inoculation in the tail of virulent serosity 
taken from the lungs of an infected animal. These inoculated 
animals were found on slaughter and post-mortem examination 
not to be affected with any visible lesions of pleuro-pneumonia 
in the lungs. Samples of blood were taken from time to time 
from animals which were being kept and used at the Veterinary 
Research Institute as experimental animals for pleuro-pneumonia 
.and other cattle diseases. In all cases the blood was taken from 
the jugular vein, and collected into sterile bottles. The blood was 
_allowed to clot, and the serum to separate off from the clot. The 
“serum was then decanted into another sterile bottle, and diluted in 
-equal parts with 1 per cent. carbolic acid in normal saline solu- 
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tion. 
as required. 
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Samples of serum were then kept in the ice-chest for use 


For use they were further diluted, if necessary, 


with saline solution immediately prior to being used in the tests 
‘until the required dilution was obtained. A complete list of the 
serum samples obtained is as follows :— 


Serum 
Sample 


1 


OMUVIAUERWH 


10 


ag 
B 4 


No. 


Source. 


Natural Infection - - 
Natural Infection - - 
Natural Infection = - - 
Natural Infection - - 
Natural Infection - - 
Natural Infection - - 
Institute Cow No. 36 - 
Natural Infection - - 
Direct contact with in- 

fected animals -~ - 


Direct contact with in- 
fected animals - - 


Natural Infection - - 
Natural Infection - - 
Natural Infection - - 
Natural Infection - - 
Natural Infection - ~ 
Natural Infection - - 
Experimental Cow No. 2 

(before inoculation) - 
Natural Infection - - 
Institute Cow No. 37. - 
Direct contact with in- 

fected animals - - 
Direct contact with in- 

fected animals . - - 
Direct contact with in- 

fected animals - - 
Natural Infection - - 
Natural Infection -  - 
Natural Infection - - 
Natural Infection - - 
Natural Infection - - 
Natural Infection - - 
Experimental Cow No. 4 - 


Galt: No.1 - - - 


Institute Cow No. 35 - 
Calf No. Z - - - 


Positive or 
Negative. 

Positive. 

Positive. 

Positive. 

Positive. 

Positive. 

Positive. 

Negative. 

Positive. 

Inoculated with virus in the tail 
ana’ reacted. IVo; ©:P:P. on 
P.M. 

Inoculated with virus in the tail 
and reacted. .- No.” .C.P.P. on 
P.M. 

Positive. 

Positive. 

Positive. 

Positive. 

Positive. 

Positive. 


Negative. 
Positive. 
Negative. 

Inoculated with virus in tail and 
reacted. . No GoP.P: on “PM. 
Inoculated with virus in tail and 
reacted. “No °C. PP: con’ P.M. 
Inoculated with virus in tail and 
reacteds .No: €.P:P. on P.M. 

Positive. 
Positive. 
Positive. 
Positive. 
Positive. 
Positive. 
Reacted to 
shoulder. 
Immunised by an inoculation in 
the tail, followed by inocula- 
tions behind the shoulder. 
Negative. 
Immunised by an injection in the 
- tail, followed by inoculations 


inoculation behind 


behind the shoulder. 
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Agglutination. 
Macroscopic Method. 


For the purposes of an agglutination test a culture (second sub- 
culture 20 days old) of the organism in Martin’s broth plus 7.5: 
per cent. ox serum was taken and tested with known positive 


and negative sera, Nos. 8 and 7 respectively. The ingredients. 


were mixed in small agglutiation tubes in the following pro- 


portions, and placed in the incubator at 37°C. for 24 hours when. 


the result was read. 


Positive SEerum, No. 8. 


Tube. Cnlture (undiluted). Serum (1 in 1). Carbol* saline. Result. 
c.c. C.c. c.c. 
1 - 1 - ] - 1 - os 
2 - 1 - O'75 - 1°25 - — 
3 , 1 : 0°5 i 6 : = 
4 - is - 0°25 - 1°75 - — 
5 - 1 - Ol - 1:9 - — 
6 = 1 ~ 0:06 - 1:94 - — 
7 - 1 - 0°04 - 1:96 - a 
8 - 1 - — - 2 - — 
9 - — . ] - 2 - — 
10 - 1 - — - — - — 


c.c. c-c. C.c 

1 | ae 1 - if - — 
2 - 1 - 075 - 1:25 - —_ 
3 - 1 - 0°5 - 15 - — 
4 - 1 0°25 - 1:75 - — 
5 - 1 - 0-1 - 19 - — 
6 - 1 - 0°06 - 1°94 - — 
7 - 1 - 0:04 ~ 1°96 - — 
8 - 1 - — - 2 - — 
9 - — - 1 - 2 - —_— 
1 = : ims 2 228 


— 
Cc 
’ 


No agglutination was perceptible in any tube of either series, 
when the result was read after 24 hours’ incubation at 37°C. The 
tubes were allowed to stand at room temperature for a further 
period of 16 hours, and were again examined, but no different 
result was obtained at this second reading. 

In the conduct of these agglutination tests, those cultures were 
selected which showed a maximum amount of opalescence. It 


* 0°5% carbolic acid in normal saline solution. 


ee 
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should be noted, however, that the opalescence present in 
any of the cultures was extremely slight, and after the addition 
of serum and saline to the culture in the test, it was practically 
impossible to recognise any opalescence at all. In consequence of. 
that fact, there was very: little basis for comparing one tube with 
another, in order to note whether there had been any clearing: 
of the fluid in the tubes. 

Even if complete agglutination of all the organisms present. 
in any tube were to take place, it is certain that the resulting 
deposit of agglutinated micro-organisms would be very slight 
indeed, and it is possible that it might not be easily recognisable: 
as a deposit, particularly when no information can be obtained. 
from an examination of the fluid for clearing. 

An agglutination test was again set up, using as test sera Nos. 
3 (positive) and 17 (negative). An alteration was made in the: 
total quantity of the ingredients in the series of tubes, 1.5 c.c.s. 
of culture being taken as the standard amount of culture for each: 
tube. The other ingredients were added to each tube in their 
proper quantities, viz., the quantities used in the first test. These: 
tubes were also placed in the incubator at 37°C. for 24 hours,. 
then examined, and then allowed to stand at room temperature: 
for a further period of 16 hours, and again examined. There: 
was no recognisable agglutination in any tube in either series, 
and altogether the result was exactly similar to that obtained 
with the test of sera Nos. 7 and 8. 

Simultaneously with the test of sera Nos. 3 and 17, another 
test was set up, the sera used being Nos. 30 and 17. Serum No. 
30 was obtained from Calf 1, an experimental animal used at the. 
Veterinary Research Institute, and one which had reacted to: 
a subcutaneous inoculation in the tail of virulent serosity, taken. 
from the lungs of an active case of pleuro-pneumonia. This. 
calf had subsequentiy received a subcutaneous inoculation of 
5 c.c.s. of virulent serosity behind the shoulder without any ex- 
tensive swelling being produced: Later, it had received 15 c.c.s.. 
of an 8 days’ old pure culture of the organism in Martin’s broth 
ox serum subcutaneously behind the other shoulder without any 
swelling or tissue change being produced at the site of inocula- 
tion. It was therefore assumed that Calf 1 had acquired a con-- 
siderable degree of immunity against the inoculation of virulent 
pleuro-pneumonic material. For the test with this serum a. 
second subculture 22 days old, in Martin’s broth ox serum was 
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used as the test culture. The result of the agglutination test with 
this serum was as follows :— 


Serum No. 30. 


Tube Culture Serum (diluted) Carbol Result at Result at 
(undiluted). (1 in 1). Saline. 24 hours. 40 hours. 
Cie. C8, Cie. 
1 - 1d = me - 10 - sf = aK Ae 
2 - af - 0°75 - 1:25 - + - = a 
Set = Pr - 05 - Ld - ? a f 
aa? as . Sit rae 1. <1 LAS). Sel pea: BP 
oh Oe ee a Ot - AS ae Pa 
6 - a - 0°06 - 1°94 - — - — 
éf oa - 0°04 - 1:96 - — - — 
BrpOiee tC SURF Ai UE ae Itg Br aohy EE its 
9 - —_ - 1 - 2°5 - —~ - — 
100 BLS aean 2 is, Ae > heBnuiieeeeS 


Serum No. 17. 


C.G: CiG. G.c; : 
1 - 15 - 1 : 1 Z iat 2 SE 
2 is ” = 0°75 - 0:25 = ah 3 pau 
3 - re - 05 - 1d - — - — 
rite ge Et aes ae aa ai é 2th seas 
5. ee = = GE ao to cVhee pthen Ge eae 
6 - 7 - 0°06 - 1°94 . — - — 
x | - ” - 0°04 - 1°96 - — : — 
8 ot CA ne aera ap Ph eae 
9 - = - 1 - 2°5 - — - —_ 
++ = Agglutination and sedimentation. — = Negative reaction. 
+ = Recognisable agglutination. ¢ = Doubtful reaction. 


In tubes 1 and 2 in the Serum-No.-30 series, agglutination was 
perceptible after 24 hours’ incubation at 37°C. The amount of 
deposit in either tube was very small, but it could be clearly 
recognised. Tube 3, after 24 hours’ incubation, appeared to show 
some agglutination, but it was so indefinite it could not be re- 
corded as a “ positive” result. When read after standing at room 
temperature for a further period of 16 hours, tube 3 showed 
agglutination, while tube 4 showed an indefinite agglutination 
similar to tube 3 at 24 hours. Tubes 1 and 2, after standing at 
room temperature showed agglutination and sedimentation, which 
was very clearly recognisable. The reactions with Serum No. 17 
were negative throughout, while all the controls were negative 
also. 

Having obtained a positive agglutination reaction with the 
serum of an animal which had been experimentally inoculated, the 


v= 
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question naturally arises: How can the failures to secure posi- 
tive reactions with the sera from animals which are naturally 
affected with the disease be explained? It is conceivable, of 
course, that the amount of antibody (agglutinin) substance pre- 
sent in the blood serum of a naturally infected animal falls far 
short of the amount which is produced in an experimental ani- 
mal as the result of several subcutaneous injections of virulent 
serosity and culture, and that, while with the latter serum agglu- 
tination can be observed as a macroscopic reaction, with the 
serum of a naturally infected animal agglutination may be only 
partially complete, and may not be recognisable macroscopically, 
if it takes place at all. 

An important point which must not be overlooked is the 
method adopted in the immunisation of Experimental Calf 1. 
This animal was injected subcutaneously with virulent serosity, 
and subsequently with virulent serosity, and later with pure 
culture in Martin’s broth ox serum. 

The serum of an animal immunised in such a manner might 
possibly contain specific precipitins for ox serum, in which case 
turbidity in the reaction obtained with the serum of Calf 1, when 
tested for agglutinins, may have been due to some precipitin 
element, at least in part. 

Zinsser (1914) (21), in discussing the specificity of precipitins 
and the precipitin reaction, refers to the experiments of Uhlen- 
huth, who “ obtained a specific anti-hare serum by treating rab- 
bit’s blood with hare’s blood—an astonishing result, in view of 
the close zoological. relations between these animals. Isopre- 
<ipitins, that is, precipitins resulting from the treatment of ani- 
mals with blood from another individual of the same species, 
have also been described by Schutze and others. They 
are not, however, regular in their appearance, nor are they very 
potent when obtained.”!! 

It is very improbable, therefore, that an isoprecipitin would 
be formed in the blood of Calf 1, as a result of the immunising 
injections of virulent serosity and culture in Martin’s broth, 
each of which injections contained a small amount of ox serum. 
Even assuming that an isoprecipitin was present, it scarcely seems 
possible that the serum of Calf 1 could produce by a precipitin : 
reaction alone, such a definite deposit as that which occurred in 
the agglutination test already referred to. 
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Microscopic Method. 


In order to test whether the usual microscopic method of ob- 
serving the agglutination reaction could furriish any additional 
evidence over the macroscopic method, two hanging-drop pre- 
parations were made under cover slips on hollow glass slides,. 
the cover slips being ringed round with vaseline in order to pre- 
vent evaporation of the hanging drops. One hanging drop con-- 
sisted only of pure culture of the organism in Martin’s broth. 
plus ox serum, and on microscopic examination showed no trace: 
of any recognisable micro-organisms when using the highest mag-. 
nification available (1000 diameters). The other hanging drop 
consisted of a mixture of the same culture, and a positive serum. 
in the proportion of 2 parts of culture to 1 part of serum dilu- 
tion, serum No. 12 being used.‘ This preparation was examined. 
microscopically at various intervals extending over 4 hours, but 
at no time could any alteration in the appearance of the hang- 
ing drop be observed. No difference in appearance under the 
microscope could be noted when the hanging drop containing 
culture and serum was compared with that containing culture 
only. | 

In order to have a further means of comparison it was de- 
cided to repeat this hanging drop test, and to control it more effi- 
ciently, two additional hanging drop preparations ‘were put up. 
Thus we had for examination four hanging drop preparations. 
containing the following ingredients respectively :— 

Hanging-Drop Preparation No. 1, containing culture only. 

Hanging-Drop Preparation No. 2, containing culture (2 
parts), and serum dilution (1 part); the serum being 
Serum No. 12 (positive serum). 

Hanging-Drop Preparation No. 3, containing culture (2 
parts), and serum dilution (1 part); the serum being 
Serum No. 30. 


Hanging-Drop Preparation No. 4, containing culture (2 
parts), and serum dilution (1 part); the serum being 


No. 17 (negative serum). 
Serum No. 30 was the serum from Experimental Calf 1, which 
had previously given a positive agglutination reaction when tested 
by the macroscopic method. 


Serum No. 17 was a negative serum, and had previously given: 


a negative agglutination reaction when tested by the macroscopic 


method. The preparations were examined microscopically at. 
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intervals extending over 5 hours, during which time no alteration 
‘was apparent in any of the preparations. Even in Preparation 
No. 3, which contained Serum No. 30, no agglutination could 
be recognised under the microscope. 


Agglutination Experiments with Concentrated Culture. 


In conducting the macroscopic. agglutination test it had been 
found that the dilution of culture brought about by the addition 
of test serum made it impossible to recognise any opalescence in 
the fluid in the tubes. It was therefore considered advisable to 
attempt to produce a concentration of the culture so that the 
opalescence would be more distinct, and would be clearly visible 
when the other ingredients of the test were added. Culture 
in Martin’s broth ox serum was placed in centrifuge tubes and 
whirled in an electric centrifuge at the highest speed the machine 
‘was capable of attaining (2500 revolutions per minute) for 44 
hours. At the end of that time the tubes were examined, but 
it was found that it was not possible to effect concentration of 
‘micro-organisms in that manner, because the opalescent particles 
(organisms) in the broth were so fine and light they could not 
‘be thrown down to the bottom of the tubes. 

An attempt was then made to concentrate culture by the eva- 
--poration of some of the fluid medium in which the culture was 
growing. This evaporation was first tried at room temperature 
‘by placing a quantity of culture in a flat dish (Petri dish) inside 
a desiccator, provided with a circular trough, which contained 
‘pure sulphuric acid. Inside the desiccator a more or less com- . 
‘plete vacuum was established and maintained. It was found that 
with such an apparatus, the rate of evaporation at room tem- 
perature was too slow, so the apparatus was placed in the incu- 
‘bator and evaporation attempted at incubator temperature. At in- 
cubator temperature, and with the joints of the desiccator sealed 
with “plasticine” (the temperature made it impossible to use 
vaseline for the purpose), there was difficulty in maintaining the 
vacuum, and, altogether, the experiment was not a success. Jt 
was then decided to attempt the evaporation of culture at room 
temperature by using a method, of which the following is a des- 
‘cription :— 

424 c.c. of culture in Martin’s broth plus ox serum was placed 
in a flask (Flask A), furnished with a side-arm, and the mouth 
of the flask was firmly closed with a tightly fitting solid rubber 
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stopper. A length of india-rubber pressure tubing was attached. 
to the side arm of Flask A, the other end of the tubing being 
attached to the side arm of Flask B. Flask B was empty, and was. 
closed at the mouth by an india-rubber stopper, which was per- 
forated to give passage to a length of glass tubing, one end of 
which extended to the bottom of Flask B. On the other end. 
of this glass tube another piece of india-rubber pressure tubing 
was attached, and was connected to a piece of glass tubing 
perforating the india-rubber stopper of Flask ~C, which was a. 
flask exactly similar to Flask B. <A piece of india-rubber pres- 
sure tubing connected Flask C by the side arm to the glass tub- 
ing perforating the cork of a Sulphuric Acid Tower (D). The 
sulphuric acid tower was connected by rubber tubing to an as- 
pirator. (A Korting pattern water pump.) This aspirator main- 
tained a negative pressure in Flasks A, B, C, and in the tower 
D. Flask A, containing the culture was kept at room tempera- 
ture. Flask B was placed in a receptacle containing crushed. 
ice and salt, the flask being quite covered by the freezing mix- 
ture. Additional ice and salt were added from time to time as. 
required. The fluid, which collected in Flask B, was transferred. 
to Flask C by aspiration. At the end of 24 hours the apparatus. 
was dismantled, and the contents of Flask A were measured, 
and were found to be only 173 c.c.s.; 251 c.c.s. of clear watery 
solution having passed over into Flasks B and C. This 173 c.c.s. 
of concentrated culture showed a very marked turbidity, and 
a quantity of it was used as an antigen (Antigen J) in the com- 
plement fixation test, and a further quantity was used for ag- 
glutination tests as follows :— 


First Test. 


Concentrated culture with Serum No. 26 (positive), and Serum: 
No. 7 (negative). 


Serum No. 26 (Positive). 


Tube. Culture Serum (diluted Carbol Result at Result at 
(concentrated). Tans); Saline. 24 hours. 40 hours. 
c.c c.c. c.c. 
a alee i haga eal | erie | spl a ok 
eens , aplagsr to  baedget. k cUeee pth ies 
ote Z = * 0% oe ee eS See 
Gis : 5 ee =. he ee ee ee ns 
Saige e p atelier re a 26, PI 2 
6 <a < 27 OA Tce 5 wR ef ame ee. 
| ee A Nitti 9's Nia nad: "hh Mlegienedd peak SS > 
s Pie F a8 run % ot ee Oy 2) 
8) = — - 1 - 2.5 - — - —_ 
10 - 1°5 - - - —_ - — 
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Serum No. 7 (NEGATIVE). 


ec. C.c. c.c. 

Meta, cel ea ones ad eS: 
a # CANES Soe Can 
Si) 5 el Ay at: eg ; 
Bo = i" Se SNe eee i eee 
Chae z en ie; ee : 
Sit 3 an Ogg AG pray. 
; ae p ek ee we see 
See : : a Soe : 
Aas i hy ee a5 : 
ets ate : - : 


— = Negative reaction. 


Second Test. 
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Concentrated culture with Serum No. 23 (positive), and Serum 


No. 31 (negative). 


This test was set up in exactly the same manner as the preced- 
ing test (Test 1), and the result obtained was exactly similar to 


that obtained with Test 1. 


Third Test. 


Concentrated culture with Serum No. 30 
Calf 1), and Serum No. 31 (negative). 


Serum No. 30 (Postrrive). 


(from Experimental 


Tube Culture Serum (diluted Carbol Result at Result at 
z (concentrated). Ain i): Saline. 24 hours. 40 hours. 
cc: Cie) c.c. 
1 - 1‘d - 1 - i - Ae in) ot 
eT ate 1°5 - O75. - 1°25 - ++ - ++ 
3 - i - Od - 1°5 = aan Vs 4545 
- a Bat AY Meare Paes nies cries eee 
ae 4 Sr Or - 19 . aieoe + 
ect =: x SF ep OOM oe Ac Okan lane ? 
ane ¥ Ext GOS REN ey Re, Mie kere 
8 ¥ ” = To % = 2 - — = 5 
eS = et eae | ae Eg eee 
re ee RG ee Le Sh ek Behe eae y ray a 
Serum No. 31 (NEGATIVE). 
ce Cae: CiG, 
] - 15 - 1 - 1 - — + — 
atin i LO ME 5 Wee At PIGL DER ROMS 
ins ; Se ete Poe hee 5a} Sahin AE So 
_ Cea ata at las Ss ANd SL eae 
Beet Eh yt eae RL 20: oi WETS, ORL 
pit cake pepo Bon ree: [pdOden alg seta = at 
eae i 2 Ga FS PGR Mt etek eee AER PE 
8 - 4 - o== - 2 - — - —_— 
eGR eo Ds ae ee =e eae ae: 
10 - 15 = =r = = = a - — 
> Agglutination and sedimentation. — Negative reaction. 


+ = 
+ = Agglutination. ? 


Doubtful Reaction. 
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The marked turbidity of the concentrated culture made it pos- 
sible to still recognise some turbidity in the tubes when the neces- 
sary amounts of serum and saline were added, so that, in these 
tests with concentrated culture, it was possible to compare the 
fluid in the tubes for any clearing which might take place dur- 
ing the test. Excepting with the tubes containing Serum No. 
30, no clearing of the test fluid occured, and no agglutination 
could be demonstrated when serum from a naturally infected 
animal was mixed with a culture of the filter passing organism 
isolated from a case of contagious pleuro-pneumonia. 

The failure to obtain a recognisable agglutination reaction with 
this concentrated culture when mixed with the sera of naturally 
infected animals made us abandon the agglutination test as a 
potential diagnostic reaction for the detection fof contagious 
pleuro-pneumonia in the living animal. 


Ability of the Organism to Grow in Media containing 
Immune Sera. 


On the conclusion of these aggultination tests it was decided 
to try if the addition to the culture medium of serum from natur- 
ally infected and from experimentally inoculated animals would 
influence the growth of the organisms when subcultures were 
made into such media. For this experiment, three separate 
batches of media were prepared. The first consisted of Martin’s 
Peptone Broth plus-7.5 per cent. of Serum No. 27, which was 
obtained from a naturally infected animal. The second consisted 
of Martin’s Peptone Broth, plus 7.5 per cent. of serum No. 30, 
which was obtained from Experimental Calf 1. The third con- 
sisted of Martin’s Peptone Broth plus 7.5 per cent. of normal 
ox serum. 

Several tubes of each batch of medium were inoculated from.a 
primary culture of the organism in Martin’s broth plus normal ox 
serum. Growths took place in all the tubes inoculated. In the 
tubes containing Serum No. 27 (from a naturally infected ani- 
mal) the characteristic opalescence was observed four days after 
inoculation and incubation at 37°C., and on comparison with the 
tubes of Martin’s broth, plus normal ox serum, inoculated at the 
same time from the same source, no difference in the degree of 
opalescence, or in the general appearance of the cultures could 
be observed. On comparing the cultures containing the serum 
from Experimental Calf 1 with those containing Serum No. 27, 


: 
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at was distinctly noticeable that in the former tubes the charac- 
teristic opalescence was more marked, but there was no recog- 
nisable sedimentation at the bottom of the culture tubes. It is 
not considered that the increased opalescence in the cultures 
growing in the media containing the serum of Experimental Calf 
I was produced by a more vigorous growth of the organisms in 
those tubes, but in all probability it was due to a partial agglu- 
tination of the organisms in the culture fluid, and the intercep- 
‘tion of rays of light in their passage through the culture fluid 
‘by the slight agglomerations of partly agglutinated organisms 
floating in the culture media. The experiment was adequately 
«controlled by incubating at the same time tubes of the same media 
which had not been inoculated with the primary culture. These 
scontrol tubes maintained an unaltered appearance throughout. 


Complement Fixation. 


‘To test the complement fixation reaction in contagious pleuro- 
-pneumonia, the following ingredients for the test were prepared 
cas required. 

(1) Haemolytic Amboceptor—The serum of a rabbit immun- 
‘sed by repeated injections of the washed red blood corpuscles 
“of a sheep. This rabbit’s serum was inactivated by heating in 
-a water bath at 56°C. for 30 minutes, and for the tests was em- 
-ployed in a dilution of 1 in 1000 with saline solution. The exact 
‘dilution and the amount for the test was established at the com- 
-mencement of the test by one or more titration experiments. The 
‘titre of this Haemolytic Amboceptor was never less than 1 in 
1000 when used in any of the complement fixation tests. 

(2) Corpuscle Suspension—A 5 per cent. suspension in. saline 
solution of the washed red blood cells of a sheep. 

(3) Complement—Fresh guinea-pig’s serum, diluted 1 in 10 
-with saline solution, the minimum haemolytic dose (M.H.D.) 
*eing established by titration. 

(4) Saline Solution —0O.9 per cent. sodium chloride solution, 
‘filtered, and sterilised. 

(5) Test Sera Obtained from Bovines. 

In the earlier complement fixation tests, which were areried 
“on over a period of several months, the test sera were diluted 
-with equal parts of 1 per cent. carbolic acid in saline solution 
for preservation, and were kept in the ice chest for use as re- 
«juired. They were further diluted with physiological saline solu- 


186 G. G. Heslop: 


tion immediately prior to use in the tests. Although the quan—. 


tity of carbolic acid present in the amount of serum dilution used 
in the tests was infinitesimal, it was considered that better results. 
might be obtained if the carbolic acid was eliminated altogether. 
It was therefore decided to inactivate the bovine sera at 56°C.. 
for half an hour on two consecutive days as soon as possible: 
after collection, and store them in the ice chest in an undiluted. 
form for use as required. It has been found that sera so treated. 
invariably remain clear and sterile. 

Tests made with two quantities of serum from the one animal, 
one quantity of which was only once heated at 56°C. for half. 
an hour, the other quantity being heated at 56°C. for half an. 
hour on two consecutive days, showed no difference in their com- 
plement fixing properties. The double heating is advisable if. 
the sera are to be preserved for any length of time. 


(6) Antigen—Cultures in Martin’s broth plus ox serum or 


horse serum were used as Antigens, but before use were pre-- 
pared as follows:—The. culture was heated in a water bath at. 
56°C. for one hour, then diluted in equal parts with 1 per cent.. 
carbol saline solution. The mixture was then placed in a mechani- 
cal shaking apparatus, and thoroughly shaken for 5 hours. It 
was then placed in the ice chest for 24 hours, and before use im 
the test was further diluted by using | part of culture mixture 
to 4 parts of 0.9 per cent.:saline solution, forming a 1 in 10 dilu-- 
tion of the original culture. 

With the exception of “ Antigen A,” all the culture prepara-- 
tions used from time to time as antigens in the complement fixa-- 
tion tests were prepared in the above manner. The various cul-- 
tures prepared and tested as antigens are enumerated in the fol-- 
lowing table :— } 

Antigen A—A fourth subculture of the filter-passing organ- 
ism in Martin’s broth ox serum. It was first used on 18/11/19,. 
after 8 days of growth, in a 1 in 10 dilution with saline solu- 
tion. It was anticomplementary when any quantity in excess of 
0.1 c.c. of a 1 in 10 dilution was used. On 24/11/19, it was not 
anticomplementary when used in an amount of 0.25 c.c. of a 
1 in 10 dilution. On 11/12/19 (after 30 days of growth) it 
showed anticomplementary action in quantities of 0.1 c.c. of a 
1 in 10 dilution in saline. | 

Antigen B.—A first subculture, 12 days old, in Martin’s broth 
ox serum. Not anticomplementary in doses of 0.25 c.c. of a E 
in 10 dilution. 
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Antigen C.—A third subculture, 14 days old, in Martin’s broth-. 
horse serum. (Primary culture in Martin’s broth ox serum,. 
first and second subcultures in Martin’s broth horse serum.) It 
was markedly anticomplementary in quantities of 0.25 c.c. of 
a 1 in 10 dilution, but gave no inhibition of haemolysis in quan- 
tities of 0.15 c.c. of a 1 in 10 dilution. 

Antigen D.—A divalent antigen. A mixture of a third sub-- 
culture 8 days old, and a second subculture 10 days old, from. 
two separate sources. Both cultures were grown in Martin’s. 
broth plus ox serum. Not anticomplementary in quantities of 
0.25 c.c. of a 1 in 10 dilution. 

Antigen E—A 28 days old culture (filtration experiment) in 
Martin’s broth ox serum. Not anticomplementary in quantities 
of 0.2 c.c. of a 1 in 10 dilution. Slight inhibition with 0.25 c.c.. 
of the same dilution. 

Antigen F.—Lung serosity from an active case of contagious. 
pleuro-pneumonia. Very anticomplementary in all quantities of 
alin 10 dilution. 0.5 c.c. of a 1 in 20 dilution in saline showed. 
no inhibition of haemolysis. 

Antigen G.—Oedematous fluid from the zone of inoculation: 
behind shoulder (Experimental Cow 4), taken 16 days after in- 
oculation. Not anticomplementary in quantities of 0.3 cc. of a 
1 in 10 dilution. 

Antigen H.—A polyvalent antigen made up of four strains of 
culture in Martin’s broth ox serum. (One culture 8 days old; 
one culture 14 days old; one culture 16 days old; and one culture 
21 days old). Culture mixture not anticomplementary in quan- 
tities of 0.25 c.c. of a 1 in 10 dilution. 

Antigen J—Concentrated culture in Martin’s broth plus ox 
serum, concentrated by evaporation (vide supra). 


Complement Fixation Tests with Pure Culture. 


These various culture preparations were tested for comple- 
ment fixation with known positive and negative sera. A num- 
ber of tests were conducted with each antigen preparation, but 
in every case the test showed that the antigen plus positive serum 
combination did not fix complement; the final result in all such 
cases being complete haemolysis Antigen plus negative serum 
gave complete haemolysis also; thus, complete haemolysis took 
place irrespective of whether the serum used was obtained from: 
a positive or negative source. 
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Serum No. 30 from Experimental Calf 1 (the animal whose 
serum had previously given a positive agglutination reaction when 
tested by the macroscopic method) was tested with various cul- 
ture preparations including Antigen J. There was no fixation 
of complement i1 any combination tested, and the haemolysis 
‘was just as complete in the positive serum series as it was in 
the negative serum series put up at the same time. 

Culture preparations (antigens) obtained by the cultivation 
of virulent serosity from the lungs of the animal supplying posi- 
tive Serum No. 28, were tested with this latter serum for com- 
plement fixation. It was found that, in each instance, the re- 
actions were negative. 

Various other tests were carried out with culture preparations 
which it is unnecessary to enumerate. Suffice it to say that in 
no case, using culture as an antigen, was a positive complement 
fixation result obtained. 


Discussion. 


At this stage it was decided to review that portion of the work 
relating to complement fixation, in an endeavour to ascertain the 
reason why, in the tests carried out, it had been impossible to 
obtain complement fixation with a known positive serum. 

It is conceivable, of course, that filterable viruses in general 
do not behave in the same way as bacteria, 1.e., they may not 
react to the usual serological tests that bacteria react to. This 
jdea is strengthened by the fact that, although the usual serologi- 
cal reactions have been tested with a number of other filterable 
viruses, as well as with contagious pleuro-pneumonia by several 
experienced workers, the results obtained have either been nega- 
tive, or else so contradictory that it has been impossible to elab- 
orate a test, using the ordinary technique of such serological 
reactions, which could be used with certainty for diagnostic pur- 
poses. On the other-hand it is possible that certain serological 
reactions can be obtained, provided a special technique is em- 
ployed, either in the preparation of the component parts of the 
test, or in the method of conducting the test, or both. 


Antigens. 


The first question which presented itself on reviewing the 
earlier complement fixation experiments was: Were the anti- 
gens used in those experiments strong enough in a specific sense 
to bring about complement fixation? It will have been noted 


4 
. 


Plewro-Pneumonia of Cattle. 18% 


_ 


that when antigens consisting of pure cultures of-the organism. 
of contagious pleuro-pneumonia in Martin’s broth were used,. 
complement fixation did not occur. 

These results were capable of one of two interpretations :— 

(1) That cuiture was unsuitable for antigenic purposes ; 

(2) That complement fixing antibodies were not present: 
in the serum of animals affected with contagious pleuro-: 
pneumonia. 

The first interpretation was temporarily accepted as the more: 
probable. The second could not be accepted without further 
evidence; so, in order to determine whether complement fixing: 
antibodies were or were not present in the serum of animals. 
affected with contagious pleuro-pneumonia, tissue extracts were: 
next prepared and tested as antigens. 

The first tissue extracts prepared were saline extracts of. 
diseased lung tissue, taken from animals showing active and ex- 
tensive lesions of contagious pleuro-pneumonia on post-mortem. 
examination. These saline extracts of diseased lung tissue were. 
prepared as follows :— 

Carefully selected diseased lung tissue was cut into small pieces. 
and ground up in a mortar with a little sterile sea sand. Four 
times its weight of carbol saline solution was added, and the 
mixture placed in a tightly stoppered bottle, and shaken for five: 
hours in a mechanical shaking apparatus. The mixture was then 
filtered through gauze to remove all the coarser particles of the: 
tissue. It was then placed in the ice chest for a week, to allow 
sedimentation to take place, after which time the supernatent. 
fluid was carefully pipetted off without disturbing the deposit. 
The supernatent fluid—which is yellowish-brown in colour, and: 
slightly opalescent—was then diluted 1 part in 10 with 0.9 per 
cent. saline solution, and was used in that dilution in the test,. 
after titration to determine the anticomplementary unit. 

These saline extracts were thoroughly tested with a number of 
known positive and known negative sera, but in no instance was. 
a positive fixation result obtained. 

A saline extract of the sub-epidermal tumour tissue removed- 
from the inflammatory tumour, which had developed behind the 
shoulder of an experimentally inoculated animal (Experimental 
Cow 4) was next prepared. This tissue was not regarded as en-- 
tirely satisfactory for test purposes, for, at the time of its re-- 
moval, the tissue was showing marked evidence of necrosis. The- 
method adopted in the preparation of this tissue extract differed’ 
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slightly from the method employed for-the preparation of the 
Saline extracts of lung tissue, and was as follows:—10 grams 
of the inflamed subepidermal tumour tissue was cut into small 
pieces, and ground up.in a mortar with a little sterile sea sand. 
40 c.c.s. of 0.5 per cent. carbolic acid in 0.9 per cent. saline solu- 
tion was then added, and the mixture placed in a tightly stop- 
-pered bottle, and shaken in a mechanical shaker for five hours. 
It was then filtered through gauze to remove the coarser par- 
.ticles, and then placed in the ice chest for a week, being shaken up 
-occasionally. It was finally allowed to sediment, and the super- 
natent fluid decanted. This fluid was filtered through filter paper, 
-and again placed in the ice chest for a further 48 hours. The 
supernatent fluid was then carefully pipetted off without dis- 
turbing the slight deposit in the bottle. 1 c.c. of this fluid was 
then diluted with 9 c.c.s. of 0.9 per cent. saline solution, and was 
titrated to determine the anticomplementary unit. This 1 in 10 
dilution was used in the test. : 

When tested with positive sera Nos. 11 and 25, this saline ex- 
tract gave a negative reaction, but when tested with Serum No. 
-30 (from Experimental Calf 1), a positive complement fixation 
was recorded. This was the first positive complement fixation 
result recorded, although Serum No. 30 had been tested with 
practically every antigen preparation which had been previously 
tried. 


It should be pointed out that Experimental Calf No. 1 had_ 


been specially immunised by several subcutaneous inoculations 
of virulent material; therefore, the serum of Calf 1 would be 
expected to be highly specific, and not properly comparable with 
the serum of an animal affected with the disease naturally ac- 
quired. 

As extracts of sub-epidermal tumour tissue apparently offered 
the most favourable chances of obtaining a successfully reacting 
antigen, a number of saline extracts were prepared from sub- 
epidermal tumour tissue, taken from behind the shoulder of 
Experimental Cow 6 (who was destroyed owing to the exten- 
sive infiltrating oedema which had developed as a result of the 
inoculation of pure virus behind the shoulder, and from which 
the animal was dying). This extract gave a strongly positive 
result when tested with Serum No. 30, and gave some fixation 
with positive sera Nos. 33, 36, 37 and 39, but with positive sera 
Nos. 34, 35, 35a, 35b, and 38, the results were negative; haemo- 
lysis taking place in the antigen containing tubes just as readily 
-as in the serum control tubes which did not contain antigen. 
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Alcoholic Extracts of Diseased Tissue used as Antigen. 


Saline extracts of diseased tissue having proved unsatisfactory 
for antigen purposes, alcoholic extracts were next prepared and 
tested. Thin slices of inflamed sub-epidermal tumour tissue 
taken from Cow 6, when the animal was destroyed, had been 
dried in the incubator at 37°C. for some days, and preserved 
in the dry state in a closely stoppered bottle. Of this dried 
tissue, 5 grams were taken, and finely pulverised in a mortar 
with the addition of a small quantity of powdered glass. 50 
c.c.s. of alcohol were then added, the whole placed in a tightly 
-stoppered bottle, and placed in a mechanical shaking apparatus 
-and thoroughly shaken for 12 hours. It was then stored in the 
ice chest for 12 days, being shaken up at least once a day. The 
fluid was then poured off into centrifuge tubes, and whirled in 
the centrifuge. The supernatent fluid was then carefully pipetted 
off without disturbing the deposit. 1 c.c. of this alcoholic ex- 
tract was diluted with 9 c.c.s. of 0.9 per cent. saline solution, the 
-dilutior being made slowly in order to obtain the maximum 
amount of.turbidity. This antigen dilution was then titrated in 
order to ascertain its anticomplementary and complementary 
sunits. 

‘An important point of technique in the preparation of this 
antigen for test purposes is the method of diluting the alcoholic 
extract with saline solution. 

If the alcoholic extract and saline solution are mixed quickly 
‘a slightly turbid mixture results which gives only slight fixation 
when tested with known positive sera. On the other hand, when 
the alcoholic extract and saline solution are mixed slowly, an 
extremely turbid mixture is obtained, the amount of turbidity 
being in direct proportion to the time allowed for mixing. The 
mixtures possessing the maximum amount of turbidity have been 
found on testing to give the maximum amount of fixation. 

The alcoholic extract of sub-epidermal tumour tissue was 
tested with a number of known positive and known negative sera, 
and after having been tested with 24 different sera, it was found 
that the test result in each case was in agreement with the post- 
mortem findings when the animals supplying the test sera were 
slaughtered and examined. 

Thus it 1s evident that complement fixing antibodies are pre- 
sent in the sera of animals affected with contagious pleuro-pneu- 
monia, and the complement fixation test provides us with a means 
of differentiating between infected and non-infected animals. 
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Conglutinin. 


It was found, when carrying out tests with the alcoholic ex— 
tract of sub-epidermal tumour tissue, that, while complement. 
fixation occurred with known positive sera, the reaction was liable: 
to become masked by a subsequent haemolysis of the sensitised’ 
red blood cells added as an indicator. 

Different positive sera exhibited this tendency to bring about: 
final haemolysis in varying degrees—i.e., some were more prone: 
to it than others—but as haemolysis invariably occurred, it was. 
evident that there was contained in the test serum some element. 
which was capable of acting upon the sensitised red blood cells. 
after fixation of complement had occurred. This haemolysis. 
made it exceedingly difficult to differentiate between the reaction. 
given by a known negative serum, and a known positive serum,. 
because, in some cases, the length of time between the haemo- 
lysis with a negative serum, and the haemolysis with a positive: 
serum was only a matter of a few minutes. 

It was also noticed that in the final test, on the addition of 
the sensitised red blood cells, the red blood cells were almost im- 
mediately “agglutinated”? and sedimented more or less com- 
pletely at the bottom of the tubes. 

It was thought at first that this “agglutination” of red blood 
cells could be made use of for diagnostic purposes, but it was 
very soon demonstrated that, while, as a general rule, the pheno- 
menon occurred earliest in the tubes containing negative sera, 
certain of the tubes containing positive sera also showed early 
“agglutination,” of the red blood cells. 

On the other hand, some tubes containing negative sera showed. 
a delayed “ agglutination” of the red blood cells. A similar de-. 
layed “ agglutination ”’ was also shown in certain of the tubes. 
containing positive sera. 

It was thus evident that this phenomenon was of no diagnostic: 
importance, because its appearance depended upon some sub- 
stance which was present in all the bovine sera tested, although 
present in a varying amount. This substance was not more 
often present in negative sera than in positive sera, although, as 
a general rule, the reaction appeared earlier with negative sera. 

Bordet and Gay (1906) (3) in studying the action of inacti- 
vated bovine serum upon sensitised corpuscles in the presence of 
complement, demonstrated the presence in bovine serum of a. 
specific ‘substance which they first referred to as “colloid sub- 


Plewro-Pneumonia of Cattle. 193 


stance,” but which they afterwards termed “conglutinin.” The 
name “conglutinin’”’. was suggested by the action of this sub- 
stance upon sensitised red blood cells, with a suitable comple- 
ment. In such a combination the red blood cells were ener- ° 
getically “agglutinated” and sedimented. Although the reac- 
tion was similar to the action of a powerful agglutinin, it differea 
from the action of an agglutinin in that complement was a neces- 
sary ingredient in the combination for this phenomenon to occur. 
Complement is not necessary to complete the action of an agglu- 
tinin. 

These authors found that this substance—conglutinin—pre- 

sent in varying amounts in bovine sera, was capable of exer- 
cising a remarkable influence upon the final result in a haemolytic 
test. In a series of experiments they demonstrated that the sub- 
stance, acting in conjunction with a weak complement, could con- 
glutinate and haemolyse sensitised red blood cells, although the 
amount of complement taking part in the reaction, by itself and 
without conglutinin, was incapable of producing haemolysis. In 
other words, it was demonstrated that conglutinin could com- 
bine with a weak complement, and the combination could then 
exert a powerful haemolytic action upon sensitised red blood 
cells. 
In the technique of the complement fixation tests described in 
the previous chapter, the complement was titrated against one 
unit of sensitised red blood cell suspension, in order to deter- 
mine the minimum haemolytic dose (M.H.D.) of complement. 
Against this standardised haemolytic system the other ingredi- 
ents of the test were titrated, in order to ascertain the proper 
quantities of each to employ in the final stage of the test. When, 
however, in the final test, bovine serum and complement are 
mixed together, and incubated, and then sensitised red blood 
cells are added, the influence of conglutinin becomes exerted, and 
the previously titrated M.H.D. of complement apparently be- 
comes more than the M.H.D. required for haemolysis, so that 
a fixation with a positive serum may still leave sufficient, com- 
plement available to be reinforced by the conglutinin present, 
and produce haemolysis of the sensitised red blood cells. 

In order to test this hypothesis, the following experiment was 
carried out :— 

A series of tubes (Series A) was set up, and into each tube 
was measured decreasing quantities of fresh guinea-pig’s serum 
(1 in 10 dilution), from 0.5 c.c. downwards. The fluid in all 
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the tubes. was then brought to a common level by the. addition 
of 0.9 per cent. saline solution, so that each tube contained 2.5 
¢.c. of fluid. One unit of sensitised red blood cells (sheep) was 
then added to each tube, and, after shakmg, the tubes were placed 
in the incubator at 37°C. Results were read at the end of half 
an hour,-one hour, and two hours’ incubation respectively, and, 
of the tubes showing complete haemolysis, the one containing 
the smallest amount of complement was noted. From the table 
set out below it will be seen that this tube was tube 6, which 
contained 0.25 c.c. of complement dilution; that amount being 
the minimum quantity required to completely haemolyse one 
unit of sensitised red blood cells in one hour at 37°C. Even 
after two hours’ incubation it was found that no tube lower than 
tube 6 in the series showed complete haemolysis. 

Parallel with series A, series B was set up. The quantities 
of sensitised red blood cells and complement dilution were exactly 
the same as those used in the corresponding tubes in series A, 
but to each tube in series B (excepting where indicated in the 
controls), 0.15 c.c. of a 1 in 10 dilution of inactivated bovine 
serum was added. The tubes were filled to a common level with 
saline solution, as in series A, and placed in the incubator at 
37°C., the results being read after half an hour, one hour, and 
two hours’ incubation. Each series was thoroughly controlled, 
as shown in the following tables :— 


Series A. 
aan a; Saline Sensitised Degree of Haemolysis after incubation for 
1in 10 ae oes ioe Half hotir Oneé hour Two hours 
1 -  - 20 - °5 + Complete - Complete - Complete 
Be "AD ee oe ee 3 - - - a 
3 - “4, - 7a - 9) = 3.3 = ” = ” 
4 -- B® 8 2S ALO are 4 - 7} - Rs 
BD | Maer lB) f= Bi aie eae, fie * - 3 - ns; 
Gs 2h Sea oe PD. ote oe De - Complete - Complete 
complete 
fag 2 et igo. = ~~ Partial - Partial - Not 
complete 
8 a8 116 Sar - 2G 8 Very - Slight - Slight 
, slight 
Q° GT Ce ee eo. = ommmet lL Were - Slight 
slight 
10 me OR Si 2S! = eS = None - None - None 


11 - — - 2a = *" +60. ~s) None - None - None 


Pleuro-Pneumonia of Cattle. 195 


SERigEs B. 
= s : 
ve 5 PS 
ge = = Sx Degree of Haemolysis after incubation 
Sas as a oie at 37°U. for 
’ $67 2.7* = oto) MS oe 
2 eee Rs r= ian % Fy 
= =f -- ae D ne Half hour. One hour. Two hours. 
1 - ‘15 - 5 - 1:85 - ‘5 - Complete - Complete - Complete 
Bye AG 345 jay U9.» 5.42 3 : al - om 
3 - 15 : 4 - 1 95 - 5 ” = ” = ” 
4 - 15 - ‘35: - 2 othe 9 = 29 = ” 
Bh = 16 - 3 “= 205 - 5 - “6 - ‘5 - ae 
os “WG A250 2 Oe 5) | Partial - iF - £: 
7 is 15 z - 2 15 - Os - Slight > 9 - ” 
8 - 15 - ‘15 - 22 - °5 - Slight - Partial - ‘ss 
Peete 1, = 225 - = | Very slight . Slight ° - 
WW - "15 - 05 - 23 - ‘& - None - Shght - Almost 
complete 
ll - ‘16 - — - 2°35 -_°5 - None - None - None 
12-— - — - 25 - ‘5 - None - None - None 


The results in series B, read after incubation for half an hour, 
-were almost exactly similar to the haemolytic results obtained 
with series A, after incubation for half an hour. In series B, 
‘however, the sensitised red blood cells were energetically con- 
glutinated shortly after they were added. After incubation for 
‘one hour, series B showed complete haemolysis in tubes 1 to 7, 
and varying degrees of haemolysis in tubes 8, 9, and 10. At the 
end of two hours’ incubation haemolysis was complete in tubes 
1 to 9, while in tube 10 haemolysis was almost complete. 


It is thus evident that the influence of conglutinin upon a small 
-amount of complement is such that in the complement fixation 
‘test for contagious pleuro-pneumonia, it enables haemolysis to 
-occur with a smaller quantity of complement than the ordinarily 
titrated M.H.D. — 


If we critically examine the figures revealed by the foregoing 
experiment, it is at once apparent that the presence of con- 
glutinin in the bovine test serum introduces a factor into the 
complement fixation test in contagious pleuro-pneumonia, which 
factor, if not properly controlled, would render the test abso- 
dutely unreliable for diagnostic purposes. 


It has been shown in this experiment that it requires 0.25 c.c. 
-of complement dilution to completely haemolyse one unit of sen- 
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sitised red blood cells. The M.H.D. of complement is thus 0.25 
c.c. of a 1 in-10 dilution. If now we set up a test as follows :— 


Inactivated 


Antigen . Complement : ane Sensitised . 
lin io, Bovine serum, “4 in 10. Saline 0°97 R.B.C.5%.. 
1 in 10. 
c.c. c.c. C.Gee 
16 er ray 05) - *25 - Q.S.tomake upto 2.5c.c.  - 1 unit 


and assume that the bovine serum being tested is a positive: 
serum, we would find that complement would be fixed by the: 
combination of antigen—positive serum; but—and this is the im- 
portant point—apparently not all the complement is fixed. A. | 
certain amount of complement remains unfixed, because it ap- 
pears that the combination of antigen and antibody in contagious. 
pleuro-pneumonia is only capable of fixing a small amount of. 
complement. The small amount of complement remaining un- 
fixed is less than the M.H.D. required to produce haemolysis of: 
the haemolytic system, but it is reinforced by the conglutinin pre-. 
sent in the bovine serum, and thus reinforced, it conglutinates. 
and ultimately haemolyses more or less completely the unit of 
sensitised red blood cells added to the test as an indicator. 

In order to overcome errors due to this action of conglutinin: 
upon a fraction of the M.H.D. of complement, the final reading” 
of the complement fixation test in contagious pleuro-pneumonia. 
has to be made in strict conjunction with an adequate number 
of control tubes. These will be fully considered later in the sec-- 
tion, dealing with “ Technique.” 

In this discussion upon the action of conglutinin, there is an- 
other point of some importance, which must be referred to. 
briefly. 

It is probable that conglutinin can bring about a conglutination- 
reaction, in the presence of complement, with other antigen-anti-. 
body combinations besides the antigen-antibody combination con-- 
tained in the haemolytic system. For instance, the conglutinin in. 
the bovine serum may vary the reaction of our antigen and anti- 
body (where a positive serum is being used, and especially where: 
culture is used as antigen). If such is the case, the joining up: 
of the antigen-antibody-complement combination in the first por- 
tion of the final test for complement fixation may be expected ~ 
tu be delayed considerably, but thereafter sufficient complement 
may remain free on the addition of the sensitised red blood cells: 
to bring about haemolysis. If this is so, the frequency with which 
negative complement fixation reactions were obtained in our- 
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earlier experiments with pure culture as antigen, and with sera 
obtained from known positive cases of ‘contagious pleuro- 
pneumonia could be explained. 

In concluding this section on conglutinin it is perhaps worthy 
of mention that amongst the many experiments carried out with 
<onglutinin was an experiment to determine whether a modi- 
fied conglutination reaction, possessed any diagnostic value in 
contagious: pleuro-pneumonia. For this experiment, culture and 
a known positive serum were mixed together in graded doses, and 
-allowed to remain inthe incubator for 12 hours. At the end of 
that time complement was added to each tube. It was thought 
‘that the combination of culture (antigen) and positive serum 
(antibody) would be conglutinated by the combined action of 
-conglutinin and complement. ) 

Although encouraging results were obtained at first, it was 
soon demonstrated that this method was quite unreliable for 
diagnostic purposes. 


Quantitative Relationship between Complement and 
Amboceptor in the Production of Haemolysis. 


Morgenroth and Sachs (1902) (11) have demonstrated that 
within certain limits there exists an inverse relationship between 
‘haemolytic amboceptor and complement in the production of 
haemolysis. If for a given quantity of red blood cells a certain 
4juantity of haemolytic amboceptor and complement is required 
to bring about complete haemolysis, reduction of either the com- 
plement or amboceptor necessitates an increase of the other fac- 
tor. : 

Noguchi (1911) (14) has shown that in the presence of one 
‘unit of haemolytic amboceptor, 0.1 c.c. of guinea-pig’s comple- 
‘ment is required to produce complete haemolysis of a given quan- 
tity of red blood cells in a given time, while, by using 4, 8, and 
20 units of amboceptor, complete haemolysis of a similar quan- 
tity of red blood cells is obtainable in the same time with 1/3, 
1/5, and 1/10 of the 0.1 c.c. of complement respectively. 

This inverse relationship between amboceptor and complement 
‘is of the utmost importance in complement fixation work in con- 
tagious pleuro-pneumonia, because it enables us to overcome 
‘tthe action of conglutinin to a certain extent. , 

If in the standardisation of the haemolytic system for com- 
plement fixation in contagious pleuro-pneumonia, the unit of com- 
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plement (M.H.D.) is ascertained by titrating the complement: 
with red blood cells, sensitised by more than a single unit of 
amboceptor, it is possible to arrive at a unit of complement, which. 
is just large enough to effect complete haemolysis of the sensi- 
tised red blood cells; in the case of a negative serum, but which. 
at the same time is small enough to be more or less completely 
fixed by the antigen—antibody combination in the case of a. 
positive serum. | | 

_ This “overloading” of the haemolytic system with ambo-- 
ceptor cannot be increased beyond certain limits. While a slight. 
increase of the amboceptor factor is a decided advantage, the 
increase must not exceed two complete units, for it has been. 
found that, owing to the feeble nature of the fixation which. 
occurs in contagious pleuro-pneumonia, a large increase in the 
amount of amboceptor in the haemolytic system tends to disso- . 
ciate some of the complement already held by the antigen-posi-- 
tive serum combination. In consequence of this, a large excess. 
of amboceptor only tends to shorten the time required for haemo- 
lysis to occur. . 

It has been found that the best results have been obtained by 
using 14 units of amboceptor to sensitise the red blood cells, and 
then to titre the complement against one unit of these over sen- 
sitised cells, in order to determine the absolute M.H.D. of com-- 
plement required for haemolysis. 


Technique of the Complement Fixation Test for 
Contagious Pleuro-Pneumonia. 


The method of carrying out the test is as follows :— 

0.5 c.c. of a 5 per cent. suspension of sheep’s red blood cells- 
equals 1 unit. Against thts unit, the haemolytic amboceptor. is- 
titrated, and it is found that 0.5 c.c. of 1 in 1000 dilution equals: 
one unit of haemolytic amboceptor. Each unit of red blood cells: 
is sensitised by 14 units of haemolytic amboceptor, by mixing 
together the necessary units of amboceptor and red blood celk 
suspension, and allowing them to stand for one hour. The mix- 
ture is then centrifuged, and the clear fluid pipetted off. The 
sensitised red blood cells are then washed with saline solution,. 
and are resuspended in saline in order to make a 5 per cent. sus- 
pension. 0.5 c.c. sensitised red blood cells (5 per cent. suspen- 
sion) equals one unit. 

The complement (guinea-pig’s serum, 1 in 10), is now titrated 
against one unit of sensitised red blood cells, by testing it im 
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decreasing doses from 0.5 c.c. downwards. The smallest amount 
of complement necessary to produce complete haemolysis in 1/4 
hour is noted. This amount varies in different complement 
samples, but is usually approximately 0.15 c.c. of a 1 in 10 dilu- 
tion. The estimation of the minimum haemolytic dose (M.H.D.) 
of complement must be decided with absolute-accuracy, any quan- 
tity in excess of the absolute M.H.D. being sufficient to render 
the reading of the final test exceeding difficult, if not impos- 
sible. The necessity for only adding the absolute M.H.D. of com- 
_plement.to the final test, will be obvious when the action of con- 
glutinin is considered. 

When the M.H.D. of complement has been determined, the 
haemolytic system is standardised, and against this standardised 
haemolytic system the other ingredients of the test are titrated 
in order to determine the proper quantity of each to employ. 

The antigen is titrated to ascertain its anticomplementary unit. 
The smallest amount which inhibits haemolysis is the anti-com- 
plementary unit. Half that amount, or even less, is used in the 
final test. 

After the titre of the antigen has been determined in the 
above-mentioned manner, and when carrying out subsequent 
tests in which fresh complement of an unknown titre has to be 
used, it is convenient, when ascertaining the M.H.D. of com- 
plement, to titre it in the presence of the unit of antigen previ- 
ously determined. 

Each bovine test serum is similarly titrated in order to deter- 
mine the maximum amount which does not inhibit haemolysis. 
It was thought at first that a definite amount of test serum could 
be taken as a standard unit, and, provided the quantity of the 
standard unit was small enough, it would render a titration un- 
necessary. It was found, however, that the test sera differed 
very much in their behaviour towards complement, and that for 
accuracy in the final result it was necessary to titrate each serum 
separately. The controls in this titration are most important, 
and the unit of bovine serum to be determined is the largest 
amount which allows complete haemolysis to occur in the tube 
containing it in the same minimum time as complete haemolysis 
takes place in a tube containing only saline solution plus the 
titrated units of complement and sensitised red blood cell sus- 
pension. ; 

The amount of each test serum to be used in the final test 
must be so determined that the amount employed is slightly less 


200 : G. G. Heslop - 


than the largest amount which has been shown not to interfere 
with the complete haemolysis of the standardised haemolytic sys- 
tem it has been titrated against. ~° 

Having ascertained the exact quantity of each ingredient to 
employ, the final testis now set up as follows, assuming for ex- 
ample that the quantity of each ingredient shown below is the 
titrated unit. 
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a ee p F Bag 
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B <a on On a ne ® 
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ee - l- — = “Fo 3) 
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es sig, Msg i-8 Rs - 19 |Se-5)e 
Group II[.— ge 2 
Sernm No. 2il:-(sus-: 7 : = 7200. =. 52. <S 15> Se: CG 25 518 
~| 26 5 
pected serum to be 8 - — - ‘Lh - ‘15 - 175] 24 °5)8 
tested) Ook ee A ee 
Antigen control - Ses Oia. CE FES: Ye CSS ee ene 5 
Complement control - ll - - — - ‘15 - | 1:85 3) 
Saline control - Sa See i a en: - + Dd 


The first tube in each group of three contains antigen, and it 
is therefore the tube in which the particular serum is being tested. 
All other tubes in the series are controls. 

The second tube in each group of three is the serum control 
for the particular serum of the group. This tube must show 
complete haemolysis before the reaction of the particular serum 
in the test can be recorded. 

The third tube in each group of three is also a serum con- 
trol, but in this tube complement is qmitted. This tube serves 
as a control to show that the particular ox serum is not in itself 
haemolytic for the unit of sensitised R.B.C. No haemolysis 
should occur in this tube. After the first incubation for one hour 
has taken place, one unit of sensitised red blood cells is added to 
each tube, and the rack is then replaced in the incubator. The 
duration of the final incubation period varies usually from 10 
to 30 minutes, and the tubes have to be carefully watched in 
order to note the appearance of haemolysis. Complete haemo- 
lysis must have taken place in both the antigen and compelment 
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<ontrol tubes (tubes 10 and 11), before a reading of the tubes 
«<ontaining the test serum is made. 

If both the antigen and complement controls show complete 
haemolysis, the serum control tube of each particular serum be- 
ing tested (tubes 2, 5, and 8) is next examined. If this tube 
shows complete haemolysis, its companion tube containing antigen 
is next examined. If the reaction is positive, this antigen tube 
should show no haemolysis at the time when its serum control 
‘tube shows complete haemolysis. If the reaction is negative, 
<<omplete haemolysis will be shown in the antigen tube as well 
as in the serum control tube at the same time. 

Border-line reactions sometimes occur, but their number is 
‘usually small, and certainly not greater than the number of such 
‘reactions obtained with complement fixation tests in other | 
diseases. 

It is important in reading the final result to observe the exact 
‘time required for haemolysis to occur in the controls, for, if 
the reading of the test is delayed it is possible for a.serum to 
have shown fixation, and the fixation to become masked by a 
ssubsequent haemolysis. This subsequent haemolysis is due to 
the conglutinin present.in the bovine serum, reinforcing the small 
amount of unfixed complement, and assisting that amount of 
complement to haemolyse more or less completely the sensitised 
red blood cells. This ability of conglutinin to augment the 
haemolytic power of a dose of complement, too small in itself 
to produce haemolysis, is strikingly shown in the experiment set 
cout in detail on pages 44-45. . 


Results of Complement Fixation Tests. 


Up to the time of writing this report, 63 different bovine sera 
thave been tested for complement fixation in the manner just 
described. Of this number, 14 have given definite positive re- 
actions, and 47 have given definite negative reactions, while two 
Dorder line and doubtful reactions have been recorded. 

In each case the reaction given to the test has been checked 
‘by a post-mortem examination of the animal supplying the par- 
ticular serum tested. 

A number of the animals tested were dairy cows from farms 
which were quarantined owing to the presence of contagious 
pleuro-pneumonia on them. These animals had each received a 
prophylactic injection of virus subcutaneously in the tail some 
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time prior to being tested. The length of time between the pro- 
phylactic injection, and the test varied from 15 days with one 
lot of animals to 6 months with another lot. It is worthy of 
note that in all cases where an animal which had been injected. 
with virus subcutaneously in the tail was tested, the reaction to 
the test was negative, excepting in those cases where lesions of 
contagious pleuro-pneumonia could be demonstrated in the lungs. 
on post-mortem examination, in which cases the reactions to the: 
tests were positive. | 

Two of the animals tested had each reacted so violently to the 
prophylactic injection of virus in the tail, that portion of the. 
tail was necrotic at the time that the blood sample was taken for 
testing. These two animals, on testing, gave negative comple-- 
ment fixation reactions, and showed no lesions of contagious: 
pleuro-pneumonia in the lungs on post-mortem examination. 

The sera tested, the results of the tests, and the post-mortem: 
findings in each case can be tabulated as follow :— 


Serum Result of Complement Result of P.M. examination of the 

Number. fixatlon test. animal supplying the tess serum. 

40 - Positive : Active C.P.P., involving practically the whole 
of one lung ; 

41 - Negative - Hydatids in lung—no lesions of C.P.P. 

42 -. Negative - No lesions of C.P.P. 

43 - Negative —- No lesions of C.P.P. 

44 - Negative - Tuberculosis in lungs and lymph glands 
No’ lesions of CPP. 

45 - Negative - No lesions of _C.P.P. 

46 . Negative - No lesions of C.P.P. 

47 - Negative - No lesions of ‘C.P.P. 

48 - Positive ~ Small chronic encapsulated lesion of 


C.P.P. in one lung. Tuberculosis i 
pharyngeal lymph glands. 


49 - Positive - Active C.P.P. involving whole of right: 
lung. 

50 - Positive - Small and very:early lesion of C.P.P. on: 
margin of left lung. 

51 - Positive - Active C.P.P. involving practically the 
whole of the left lung. 

Ie - Doubtful - Calf 2 days old.” No’ lesions” of ‘C;P.Re 
Mother was infected (see No. 49). 

53 - Positive - No lesions of C.P.P. in the lungs. Ani-— 
mal had not been inoculated. 

54 - Negative - No lesions of C.P.P. 

55 - Negative - Extensive hydatid infestation. No lesions 


Or yr. 


Serum 
Number. 
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Result of Complement 
fixation test. 


Negative 
Negative 
Negative 
Negative 
Positive 

Negative 
Positive 

Negative 
Negative 
Negative 
Positive 


Negative 
Positive 


Negative 


Negative 


Positive 


Negative 
Negative 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


Negative 


Negative 
Positive 


Negative 


Negative 
Negative 


Doubtful 
Positive 


Result of P.M. examinations of the 
animal supplying the test serum, 


No lesions of C.P.P. 

No lesions of. C.P.P. 

No lesions of C.P.P. 

Ne lesions. of (C.P.P: 

Old encapsulated lesion in left lung. 

No lesions of C.P.P. 

Small active lesions right lung. 

No lesions of C.P.P. 

No lesions of C.P.P. 

No lesions of C.P.P. 

Small and early lesions of C.P.P. on mar+ 
gin right lung. : 

No lesions of C.P.P. Tuberculosis supra. 
mammary gland and in udder. 

Old chronic lesion in left lung with 
necrosis. 

No lesions of C.P.P. Actinomycotic in- 
fection of the udder. 

No lesions of C.P.P. Old adhesions be- 
tween left lung and diaphragm. 
Small active lesion in left lung, extensive 

exudate in chest cavity. 

No lesions of C.P.P. 

No lesions of C.P.P. Perforation by piece 
of wire through rumen and diaphragm 
to lung with adhesions and pus. 

No lesions of C.P.P. 

No lesions of C.P.P. 

No lesions of C.P.P. 

No lesions of C.P.P. 2 

No lesions of C.P.P. 

No lesions of C.P.P., extensive hydatid in- 
fection in lungs and liver. 

No lesions of C.P.P. 

No lesions of C.P.P. 

Active lesions involving practically whole 
of one lung, with adhesions between 
costal and pulmonary pleurae. Exten- 
sive exudate in chest cavity. 

Tuberculosis in lungs and lymph glands.. 
No! GPP: 

No lesions of C.P.P. 

Old adhesions between costal and pulmon- 
ary pleurae. No C.P.P. 

No lesions of CP.P. in lungs. 

Large chronic encapsulated lesion in one 
lung, with necrosis. - Adhesions be- 
tween lung and diaphragm. 
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Serum Result of Complement = * Result of P.M. examinations of the 
N umber. fixation test. animal supplying the test serum. — 


90 - Negative _ No lesions of C.P.P. 


‘93 - Negative - Tuberculosis in lungs and lymph glands. 
NO’ CHAP? 
94 - Positive = - Active lesions of C.P.P. in left lung, and 
fluid in chest cavity. 


98 - Negative “ \No lesions of C.P.P. 


The positive reaction given by No. 53 is difficult to explain. 
The lungs of this animal were submitted to a searching post- 
mortem examination, but no lesions of contagious pleuro-pneu- 
monia could be demonstrated in them. 

No. 52 was a calf two days old. The serum of this animal 
gave a border line reaction, which it was impossible to interpret, 
either as negative or positive. This reaction might be explained 
by the fact that this animal, although not affected with con- 
tagious pleuro-pneumonia, was the progeny of an infected mother, 
who showed active lesions of the disease on post-mortem exam- 
ination. No. 86 was an apparently healthy bull, and no lesions 
of contagious pleuro-pneumonia could be demonstrated in the 
lungs on post-mortem. This bull gave a border line reaction to 
the test, which could not be interpreted, either as negative or 
positive. . 

It will thus be seen that, with the exception of the three re- 
actions specially quoted, the complement fixation test has proved 
reliable in differentiating between animals which are, and which 
are not, affected, with.contagious pleuro-pneumonia. 


During the progress of these latter complement fixation tests 
‘with alcoholic extracts as antigen, my attention was directed 
to an abstract, published in the Tropical Veterinary Bulletin, Viol. 
8 (March 30th, 1920), p. 55, of an article, “ Feststellung Der 


Pleuro-Pneumonia of Cuttle. 205 


Lungenseuche Mit Hilfe Der Kemplementablenkung,” by Titze: 
and Gieze, published in the Berliner Tieraratliche Wochenschrift, 
No. 32, Vol. 35 (August, 1919, pp. 281-282). Unfortunately, I 
have not been able to see the original article by Titze and Gieze,. 
but it would appear from the abstract already referred to. that, 
while there are many points in common in regard to the re- 
action described by Titze and Gieze, and that which I have just 
described, they differ in certain very material points. Titze and 
Gieze used as antigen tissue the fresh lung and bronchial lymph. 
glands taken from an infected animal. With this tissue they 
prepared :— 

(1) A watery extract by boiling, afterwards centrifuging to- 
obtain a clear solution, which was then made isotonic by the 
addition of the necessary quantity of sodium chloride. 

(2) An alcoholic extract which was afterwards cleared in. 
the centrifuge, and diluted with from 10 to 50 parts of saline 
solution. Since reading the abstract of Tietze and Gieze’s work. 
I have prepared, and tried alcoholic extracts of diseased lung.. 
While it is possible to obtain complement fixation with such ex-- 
tracts, the results obtained with them have not been satisfactory,. 
and in certain instances have been quite unreliable. I am thor- 
oughly of the opinion that sub-epidermal tumour tissue is better: 
material from which to prepare the antigen. Alcoholic extract. 
of dried sub-epidermal tumour tissue gives uniform fixation, and. 
thoroughly reliable results, if the technique laid down is care-. 
fully followed. | 

It is probable that an alcoholic extract prepared from fresh: 
subepidermal tumour tissue will give equal, if not better, results. 
than that prepared from dried tissue, but, at the present time,. 
I have not had an opportunity of testing it. 

Titze and Gieze mention the haemolysis which often occurs. 
after a positive result, and quite correctly refer to the necessity 
of carefully titrating the complement, in order to ascertain the 
absolute M.H.D. In the method of complement titration we: 
differ in technique, but either method gives good results. While. 
mention is made of the fact that haemolysis usually follows a 
positive result, Titze and Gieze apparently do not attempt to ex- 
plain the phenomena which bring about that haemolysis. 

The tests which I have conducted, in order to determine the- 
influence of conglutinin on haemolysis in the complement fixa- 
tion test in contagious pleuro-pneumonia, offer an obvious ex-- 
planation for its occurrence. It seems quite evident that the: 
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conglutinin presént in the test ser’m (bovine serum) reinforces 
a small amount of complement, which has not been fixed, and 
‘permits haemolysis of the sensitised red blood cells to occur. 

The variation in time required for this haemolysis to occur 
in the test is due to the amount of complement and conglutinin 
‘present and capable of acting in combination to bring about 
haemolysis. 

The amount of conglutinin present in bovine sera differs 
very considerably. It is on account of this variability in the 
-conglutinin content of the test sera that I prefer to titrate each 
test serum separately, and thus arrive at the proper quantity of 
each to use in the final test. 

Titze and Gieze apparently do not do this, but adopt as a stan- 
dard amount approximately 0.1 c.c. of a 1 in 10 dilution. This 
‘latter method I have proved to be particularly prone to produce 
reactions which are not as sharply defined as when the test serum 
has been titrated, and the proper quantity, revealed by the titra- - 
tion, employed in the final test. With certain sera, such as those 
which give border line reactions, the proper titration of the test 
serum is an absolute essential to a reliable result in the final test, 
for an amount of serum either short of, or in excess of the 
“proper quantity, would be sufficient to produce a totally different 
result to the proper one. 


Experiments to Remove Conglutinin from Bovine 
Serum. 


The results of the complement fixation experiments outlined 
‘in the previous chapter have proved that complement fixing anti- 
bodies are present in the sera of animals affected with 
contagious pleuro-pneumonia, It has also been. demonstrated 
‘that by adopting a special technique, it is possible to test a serum 
for the presence or absence of these antibodies. 

The presence of conglutinin in bovine serum has made the 
elaboration of a special technique necessary for this test, which 
requires very careful manipulation in all stages, and very careful 
-observation in the final stage in order to guard against error in 
the final reading. 

If conglutinin could be eliminated altogether from the bovine 
serum, it was thought that the test with sera deprived of con- 
glutinin could be much simplified, and the necessity for careful 
sand exact observation of the time required for haemolysis to 
-occur in the final stage could be dispensed with. 
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Experiments were accordingly made in order to ‘remove all 
‘traces of conglutinin from various bovine sera, which were after- 
~wards tested to determine the effect the experiment had produced 
on their complement fixing properties. 

Bordet and Gay (3) have shown that conglutinin is not des- 
troyed by heating bovine serum at a temperature of 56°C. To 
-attempt to destroy conglutinin by heating at higher temperatures 
would probably render the serum useless for test purposes after- 
wards, consequently some other method had to be adopted in 
order to get rid of it. If inactivated bovine serum plus com- 
plement is added to a saline suspension of red blood cells previ- 
-ously sensitised by their specific sensitiser, conglutination of the 
red blood cells takes place more or less immediately on mixing, 
‘and in the reaction produced the conglutinin becomes used up. 
“This conglutination is followed after a varying time by haemo- 
lysis of the red blood cells, the time depending on the source 
-and activity of the complement used in the experiment. If, then, 
when conglutination occurs in such an experiment, and before 
‘haemolysis has time to occur, the mixture is rapidly centrifuged, 
‘the supernatent fluid can be pipetted off from the deposit of red 
‘blood cells, and will be found to contain little or no conglutinin ; 
‘the absence of conglutinin depending on the degree of saturation 
of the bovine serum by the red blood cells. Thus it is possible 
-to deprive a bovine serum of its conglutinin. 

Certain bovine sera, which had been taken from animals known 
to be affected with active lesions of contagious pleuro-pneu- 
-monia, were used for experimental purposes. The experiments 
-carrid out were as follows :— 

Experiment 1—To 10 c.c.s. of a 5 per cent. suspension in saline 
of washed red blood cells of a sheep, which have been previously 
sensitised by their specific amboceptor, 1 c.c. of fresh horse serum 
is added. Mix, and allow to stand at room temperature for one 
hour. Haemolysis does not occur in one hour, because the horse 
-serum—although it contains complement—contains only a very 
weak complement. Centrifuge the mixture, and carefully remove 
the fluid from the deposit of cells. The cells are then washed in 
saline solution, which is afterwards removed. Add then to the 
‘deposit of cells, 1 c.c. of saline solution, and 1 c.c. inactivated 
‘bovine serum (No. 51 positive). Conglutination of the red blood 
cells takes place almost immediately on mixing. Carefully re- 
move the supernatent fluid, and dilute it 1 part in 4 of saline 
solution, thus forming a 1 in 10 dilution of the original amount 
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of bovine serum used. The complement fixing properties of this: 
diluted serum are then tested. As a control, a 1 in 10 dilution 
of serum (No. 51) from the same bulk sample, but which has. 
not been treated for extraction of conglutinin, is also tested. 

The untreated serum gives a strongly positive reaction, when 
tested. whereas the treated serum gives a negative reaction. The 
treated serum is found to be devoid of conglutinin, but in the 
process of extracting the conglutinin, the specific complement. 
fixing antibodies have also disappeared. It is thus apparent that 
serum so treated is rendered useless for the purpose of a com- 
plement fixation test for contagious pleuro-pneumonia. 

Expervment 2.—To 3.5 c.c.s. of a 10 per cent. suspension of 
the washed red blood cells of a guinea-pig there is added 1 c.c. 
saline solution, and 0.5 c.c. of fresh horse serum. (Horse serum 
contains a natural sensitiser for guinea-pig’s cells, the fresh horse 
serum also contains complement). Mix thoroughly by shaking, 
and allow to stand at room temperature for one hour, then cen- 
trifuge. Pipette off the fluid, and add 2 c.c.s. saline solution to. 
the deposit of cells. Mix and centrifuge. Pipette off the saline 
solution, and add to the deposit of cells, 2 c.c.s. saline solution,. 
and 0.5 c.c. inactivated bovine serum (Serum No. 94, positive). 
Mix, and allow to stand at room temperature for 30 minutes, then. 
centrifuge. Carefully remove the fluid from the deposit ot cells, 
and add to this fluid 2.5 c.c.s. of saline solution, thus forming: 
a 1 in 10 dilution of the original amount of bovine serum used. 
This dilution of treated bovine serum is then tested for its com- 
plement fixing properties. It gives a feebly positive reaction,, 
whereas untreated serum No. 94, from the same bulk sample,. 
gives a strongly positive reaction. It is found, on testing, that 
the experiment to remove the conglutinin from the serum so 
treated, has failed to remove it completely, although the greater 
bulk of it has been extracted. 

Experiment 3—To 10 c.c.s. of a 10 per cent. suspension in 
‘saline solution of the washed red blood cells of a goat there is. 
added 1 c.c. of fresh unheated bovine serum (Serum No. 94, posi- 
tive). (Bovine serum contains a natural sensitiser for goat’s cells, 
and fresh bovine serum also contains complement). Allow the 
mixture of serum and cells to stand at room temperature for 20 
minutes. Conglutination of the red blood cells takes place a few 
minutes after the mixture is’ made. Centrifuge and carefully 
pipette off the supernatent fluid from the deposit of red blood 
cells. The supernatent fluid is bovine serum diluted 1 in 10 
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with saline, and it should now contain no conglutinin. The ab- 
sence of conglutinin can be tested for by adding this supernatent 
fluid to another amount of washed goat cells, and noting whether 
any conglutination occurs. It has been found that one applica- 
tion of 10 c.c.s. of a 10 per cent. suspension of goat’s cells was 
sufficient to extract all the conglutinin from 1 c.c. of any one 
of the bovine sera, which have been treated in this way. The 
bovine serum dilution, after the conglutinin has been extracted, 
is then heated in a water bath at 56°C. for 30 minutes, to destroy 
any complement which may remain. On submitting this treated 
bovine serum to a test for complement fixation, it is found that 
it gives a negative reaction, whereas untreated serum No. 94 
gives a strongly positive reaction. 

From the results obtained in the experiments outlined above 
it is obvious that, while it is possible to extract conglutinin from 
bovine serum, the extraction of conglutinin also brings about the 
disappearance of the specific antibodies; consequently, sera so 
treated are useless for the purposes of complement fixation tests 
for the diagnosis of contagious pleuro-pneumonia. 


Conclusion. 


(1) Agglutinins could not be demonstrated, in the serum 
- taken from bovines known to be affected with contagious pleuro- 
pneumonia, by the usual macroscopic and microscopic methods of 
testing for agglutinins. Therefore an agglutination test apparently 
has no value as a means of differentiating between animals which 
are, and which are not, affected with the disease. 

(2) Complement fixing antibodies are present in the serum of 
animals affected with the disease, and a complement fixation test 
can be used to differentiate infected from non-infected animals. 

(3) In order to obtain reliable results with the complement 
fixation test, the special technique outlined in the proceeding 
pages must be closely followed in every particular. 

(4) The main difficulty in carrying out complement fixa- 
tion for the diagnosis of contagious pleuro-pneumonia is to pre- 
vent errors arising in the test owing to the presence of con- 
glutinin in the test serum. 

(5) Bovine serum, from which the conglutinin has been ex- 
tracted by adopting the methods outlined in the preceding pages, 
is rendered useless for the purposes of a complement fixation test 
owing to the inability to prevent, with extraction of the con- 
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glutinin, the extraction also of the specific complement fixing 
antibodies. 
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Introduction. 


The limestones and originally calcareous mudstones of the 
Yeringian series of Victoria afford a rich field for research,. 
especially in regard to the corals. The following six new species 
help to elucidate the undescribed tabulate forms, though there is. 
a large number of the rugose corals still to be determined. 

A new locality is recorded for Favosites forbesi, whilst the new 
species, Ff. spinigera, affords additional evidence, in its alliance 
to F. grandipora, in support of the subgeneric value of Emmon-. 
sia, Edwards and Haime. 

The opportunity is here taken to enlarge on certain interesting: 
morphological details concerning the remarkable coral, Pleuro-- 
dictyum, the Victorian species of which, P. megastomum, has. 
thrown much light on the relationship of the genus to others of. 
the Favositidae. 

Specially noteworthy is the record of a Silurian Michelinia,. 
which bears all the characters of the later occurring species of 
the genus, of Devonian and Carboniferous ages. 

The description of two new species of Silurian Alveolites from: 
Cave Hill shows how little this coral fauna has been investigated.. 

The Romingeria is the second described species from the Aus- 
tralian palaeozoic, the genus, with some reservation, having been 
first noted by Etheridge from the Devonian Burdekin Limestone 
of Queensland. 

Syrmgopora occurs for the second time in Silurian rocks in: 
Australia; it is a common component of the Australian Devonian. 
and Carboniferous faunas. 


Victorian Fossils. 


The genera and species herein described are :— 
Favosites forbesi, Edwards and Haime. 
Favosites (Emmonsia) spinigera, sp. nov. 
Alveolites victoriae, sp. nov. 

Alveolites regularis, sp. nov. 
Pleurodictyum megastomum, Dun. 
Michelinia progenitor, sp. nov. 
Romingeria ramulosa, sp. nov. 
Syringopora thomii, sp. nov. 


Description of Species. 


Class ANTHOZOA..” (Corals): 
Suborder TABULATA. 


Fam. KA VOSETIDAE: 
Genus Favosites, Lamarck. 
FAVOSITES FORBESI, Edwards and Haime. 


Favosites forbesi, Edwards and Haime, 1855, Mon. Brit, 
Foss. Corals, (Pal. Soc. Mon.), p. 258, pl. Ix., figs..2, 
2a-g. Chapman, 1914, Rec. Geol. Surv. Vict., vol. IIlL., 
pts pr se pl hin, ftg.-9;'pl. Ivy fig! 27" Chern 1920, 
ibid., vol. iv., pt. 2, p. 186, pl. eee fies s"86, Y7.. 
Observations.—This coral is widely distributed in the Yeringian 
‘beds of the Victorian Silurian. It differs in no way from the 
British examples from the Wenlock Limestone. The normal 
massive form of the Silurian type, as distinguished from the 
Devonian nodular and branching forms, is here recorded for the 
first time from the blue-grey limestone of Cave Hill, Lilydale. 
In the specimens now figured, which have a diameter of about 
two inches, the corallites are curved and irregular, with an 
average diameter of 1.5mm., rather short, and with the outlines 
four, five or six-sided. Septal spines are present, but smalb, with 
occasionally one long projecting spine which is thicker than usual. 
‘Tabulae are numerous, about 8 to 10 in 5mm. The mural pores 
are large, irregularly and widely spaced. 
Occurrence.—Cave Hill, Lilydale (coll. F. Chapman) : Also 
found at Deep Creek, Thomson River; Cowombat Creek; Gibbo 
River; Mitta Mitta River; Wombat Creek. Silurian (Yeringian). 
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Genus Favosites, Lamarck. Sub-genus Emmonsia, Edwards 
and Haime. 


FavoSITES (EMMONSIA) SPINIGERA, sp. nov. 


Description..—Corallum massive, probably roughly dome- 
shaped. Corallites prismatic with distinct double walls, some- 
times hardly in contact; somewhat irregular in width, varying: 
from .8 to 18mm. Tabulae numerous, about 8 in the space of 
5Smm., of two kinds, complete and incomplete. The former are 
thin and mainly horizontal, but some are convex and others are 
concave or even occasionally oblique. The incomplete tabulae: 
or squamulae are thick at the base, tapering to a thin edge and_ 
often strongly curved, extending nearly halfway across the tube.. 
Septal spines long, about 8 in the cycle. Mural pores large, rare, 
disposed along the middle of the prism. wall. 

Affinities—That this striking species falls into the subgenus. 
Emmonsia is evident from the presence of numerous incomplete 
and spinelike tabulae seen in section. It differs from Favosites 
(Emmonsia) hemispherica, Yandell and Shumard,? from the 
Upper Silurian and Devonian of Ontario, in having an equal 
number of complete and incomplete tabulae, and in the single 
row of large mural pores, whereas the Canadian specimens have 
a double row of small ones. 

In F. grandipora, Eth. fil.3, we have some of the characters. 
seen in the above species, as in the spiniform tabulae, though: 
not-so well developed; the mural pores are also large and uniserial: 
as in-F. (E.) spinigera, but the breadth of the corallites in the 
latter is nearly twice as great. 

Observations.—Nicholson held the view‘ that Emmonsia should 
be regarded as of subgeneric value only, for some specimens: 
of a species show complete tabulae, whilst others have both com- 
plete and incomplete. Fraipont on the other hand regarded. 
Emmonsia as a valid genus and pointed out the general trend 
of tabulate structure in the Favositid and allied corals, whick 
pass from the horizontal character in the Silurian and Devoniar 


1. The description is based on a slice of the coral, the original specimen. 
of which has been mislaid. 

2. Contrib. Geol. Kentucky, 1847, p. 7. See also Nicholson, Pal, Tabu-- 
late Corals, 1879, p, 67, pl. IIi., figs. 3, 3a, 0d. 

3, Rec; Austr, Mus., -vol.;.1.,. No;‘3,, 1890, pz, 617. pl... VTL. figs... 6-9. 

4. Pal, Tab. Corals, 1879, p. 41. See also remarks by R. Etheridge 
(junr.) on the same point in Rec. Geol. Surv., N.S. Wales, vol. VI., pt. 3,. 
1899,.p. 167, 
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to the incomplete or vesicular in the Devonian and Carboniferous 
formations®. _ | 

Occurrence.—Silurian (Yeringian). Deep Creek, Thomson 
River, Gippsland. Collected and presented by the late Rev. A. W. 
Cresswell, M.A. 


Genus Alveolites, Lamarck. 
ALVEOLITES VICTORIAE, Sp. nov 


Description—Corallum forming large, more or less erect to 
hemispherical masses, of irregular, moderately thick-walled, curved 
corallites, triangular, square or pentagonal in cross section, rarely 
six-sided. Towards the exterior of the corallum the calices expand 
and the walls thicken. In tramsverse section the walls show a 
conspicuous median residual of a dark colour. Diameter of 
corallites 1 to 1.5mm. Mural pores large, circular or elliptical, 
seen disposed in the angles of the corallite. Tabulae thin, hori- 
zontal, slightly curved or oblique, 8 to 10 in 5mm. Height of 
corallum about 5cm.; width about 3.5cm. In many of the coral- 
lites the vertical ridge is seen in transverse section as a strong 
projecting tooth. 

A ffinities—The present species resembles A. suborbicularis, 
Lam.® in the comparatively thick walls, as well as in the blunt- 
ended longitudinal ridge; the calices in the latter are, however, 
less regularly polygonal. 

A species tentatively referred to 4. suborbicularis was described 
by the present writer from the Yeringian of Deep Creek, Thomson 
River, Gippsland’. This specimen also has a thick septum or 
longitudinal ridge; the corallites increase rapidly from the base 
of attachment to the distal surface, and measure from 1 to 3mm. 
in. transverse diameter.. In this example, .however, the. calices 
were less regularly polygonal. 

A somewhat similar form to the above is figured by R. 
Etheridge jnr. from the Middle Devonian of Arthur’s Creek, 
Burdekin Downs, Queensland’, referred to as “-Alveolites sp. 
indet.” It differs very slightly from A. victoriae in having more 
irregular tabulae and more constant five or six-sided corallites. 


5. Sur les Affinites des Genres FavoSites, Eimmonsiad, .Pleurodictyum et 
Michelinia. Annales Soc. Geol. Belgique, vol. XVI., pt. I., 1889, p. 31. 

6. Hist, des Anim, sans Vert., 1816, vol. II., p. 186. See also Nicholson, 
Pal. Tab..Corals, 1879, p. 126, pl. VI., figs. 2, 2a, b, and woodcut, fig. 20. 

i Gnapmian, Rec. Geol. Surv. Vict, vol. LDR, pty, 1914, p.: 310; -pl. 
LWiltl.,. fig. 30. 

8. Geol. and Palaeont, of Queensland, 1892, p. 54, pl. I., figs, 15-17. 
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Occurrence.—This species was found in the Silurian (Yerin- 
gian) of Cave Hill, Lilydale, by the writer in 1902. 


ALVEOLITES REGULARIS, Sp. nov. 


Description——Corallum compact, forming comparatively large 
massés, occasionally as low divergent branches. One specimen 
measures over 9cm. in expanse. Corallites polygonal or sub- 
triangular to rounded, averaging .5mm. in diameter, with a strong 
projecting tooth, and very minute spiny septa. Walls of corallites 
moderately thick, divided by horizontal tabulae fairly regularly 
spaced, about 10 in 5mm. Pores rare, large, situated in the 
angles of corallites. 

Affinities —This form also shows certain characters common 
to A. suborbicularis, but is distinguished by the regularity of the 
corallites.. It also approaches A. vallorum, Meek®, a Devonian 
species of Canada, especially in the fine and delicate spiniferous 
septa. : | 

Occurrence.—Silurian (Yeringian), Cave Hill, Lilydale. Type 
presented to the Museum by F. Chapman. Also found at Cooper’s 
Creek, Thomson River, Gippsland; presented by the late Rev. A. 
W. Cresswell, M.A. 


Genus Pleurodictyum, Goldfuss. 
PLEURODICTYUM MEGASTOMUM, Dun. 


Pleurodictyum megastoma, McCoy, 1867, Intercolonial Exhi- 
bition Essays, 1866. On the recent Zoology and Palaeontology of 
Victoria, p. 23 footnote (nomen nudum), also Ann. and Mag. 
Nat: Hist.,°186/, ser. 3, vol. xx, p. 201. 

Pleurodictyum problematicum, Goldfuss, Foerste, 1888, Notes 
on Palaeozoic Fossils. Bull. Sci. Lob. Denison Univ. vol iii., 
p. 132,;+ply xui.; fig.’ ‘ZZ 

Pleurodictyum sp. indet., R. Etheridge jnr. 1896, Descr. Tas- 
manian Silurian Fossils, from Rep. of Secy. for Mines, p. 31, 
pel. phe | 

Pleurodictyum megastomum, Dun, (McCoy MS.), 1898, Proc. 
Roy, Soc. Vict., vol;:x. (N.S.), pt. i2., p: 83, pl. au., figs.. 1, 2. 

P. megastomum, Dun, Chapman, 1903, ibid., vol. xv. (N.S.), 
pt. ii., p. 105, pl. xvi., figs. 2-5. Idem, 1914, Australasian Fossils, 
p. 114 and fig. 69E. 


9. Trans, Chicago Acad, Sci., vol. I., 1868, p. 86, pl; XI., figs. 9, 9a. 
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Characters of the corallum—trThere is little to add to the tech- 
nical description given by Mr. W. S. Dun, and later, by the writer, 
excepting to say that the corallum attains much larger dimensions 
than was then stated, a specimen before me, from the junction of 
the Woori Yallock and Yarra, indicating at least 3 corallites 
~when complete. 

The basal epitheca is perhaps more strongly concentrically 
wrinkled than in the other recorded species, and seems to have 
‘been also covered with a fine pustulation. 

Intermural gemmation is shown by the intercalation of tri- 
angular corallites between the normal quadrangular corallites.’ 
‘The outline of the corallites in P. megastomum are either pen- 
‘tagonal or quadrangular (trapezoidal in shape), or broadly tri- 
angular when interpolated between other normal corallites. On 
the other hand the foreign species have mostly elongate rhomboid 
-corallites as typically shown in P. problematicum, Goldfuss!°; 
‘irregularly polygonal in P. stylophora, Eaton sp.1!; and hexagonal 
in P. amazonicum, Katzer??. | 

It seems impossible to separate the other so-called species, 
P. lonsdalei, Richter!*, found in Devonian strata in Thuringia, 
-which seems to show a wider spacing of the peripheral corallites 
‘than usual, but which are of the typical form seen in P. problem- 
aticum., 

There is one species, however, which does seem to simulate 
the Victorian form to some extent, viz., P. constantinopolitanum, 
‘Roemer!, in the breadth and general shape of the corallites. This 
-was obtained from the Devonian of the neighbourhood of Con- 
-stantinople. 

Like other representatives of the genus this tabulate coral is 
in the Victorian specimens only preserved as casts, in mudstone 
or sandstone. They differ from other species in the larger size’ 
of the corallites with more quadrate form and in being generally 
arranged in fewer cycles. In one mudstone cast, from loc. B. 23, 
-the tabulae are fortunately shown as thin irregular plates, some- ’ 


10. Petrifacta Germaniae, vol. I., 1826, p. 113, pl. XXXVIII., fig. 18; 
-vol. II., p. 286, pl. CLX., fig. 19. Also G, and F. Sandberger, Verst. Rhein. 
‘Schicht. Nassau, 1850-6, p. 405, pl. XXXVIL., figs. -8, 8a-c. 

11. Astraea stylophora, Eaton, Geol. Text-book, 1832. Pleurodictyum 
.stylophorum, Eaton sp., Nicholson, 1879, Pal. Tab, Corals, py iss, pr VITF., 
figs, 1, la, b, text-fig. 22. 

12. Geol. unt. Amazonasgebietes, Leipzig, 1903, p. 192, pl. IX., figs. la-c. 

13. Zeitschr. d. deutsch, Geol. Gesellsch, vol, VII., 1855, pp. 562, 563, 
ttext-fig. 5. 

14, Neues Jahrb., 1863, p. 519, pl. V. 
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times vesicular, between the vertical partitions or undeveloped. 
septat. 

Whilst a peculiar tubular worm-like body is commonly found. 
at the base of the European and American fornis, this has not. 
occurred in the Victorian species. On the other hand, many of 
the specimens show an imprint of a crinoid stem firmly impressed,. 
and in one specimen of mudstone there are two small individuals. 
of this coral, each of which has affixed itself upon a small. 
Spirifer (S. cf. crispus) as a point d’appui. Numerous septa. 
are present in P. megastomum which are tuberculate or granulate, 
of a much coarser texture than that seen in P. problematicum 
and other allied species!®. 

The epitheca is strong in the Victorian species and concen- 
trically wrinkled like the foreign forms, and is also radianesy 
marked with granulated lines. 

The Remarkable Development of Pleurodictyum in the Devon- 
ian.—With the exception of the Victorian occurrence, this genus 
is confined to the Lower and Middle Devonian in .Western. 
Europe, Great Britain and North America. The question here: 
arises, should our Yeringian fauna be regarded as Devonian rather 
than Silurian? It is true that several genera occurring in the 
Yeringian seem to support this view, such as Phillipsastraea and 
Michelinia, but on the other side of the argument, the evidence 
of the gasteropods, trilobites and ostracoda is overwhelming. 

This constrains us at present to assume that certain forms of 
life appeared amongst this Gotlandian and Wenlockian facies. 
earlier than in the northern hemisphere, and migrated thence dur- 
ing the transition period between the Silurian and Devonian 
epochs. 

Note on Allied Genera.— 

Cleistopora, Nicholson!’. The genotype of this genus is Milne: 
Edwards and Haimes Michelinia geometrica\’. It is a Devonian 
coral, discoidal, about 1.5 to 2cm. in diameter. It is said to 
be generally parasitic on a brachiopod, and in this respect re- 
sembles some Victorian specimens of Pleurodictyum herein men- 
tioned. The short vertical corallites terminate in hexagonal 


15 Nicholson, in his “ Tabulate Corals,” p. 148, et seq., gives an ad-- 
mirable account of the structure of Plewrodicityum, based on sections taken. 
through the coralla of P. stylophorum, 

16. For further references to other species see Robinson, Trans, Con— 
necticut Acad. Arts and Sci., vol. XXI., 1917, p. 169. 

17, Geol, Mag., vol. V., 1888, p. 150, 

18. Polyp. foss. Terr, Pal., 1851, p.. 252, pl, XVIL., figs. 3, 3a. 
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calices. In this feature it differs from the Victorian Pleuro- 
dictyum but seems to agree with P. amazonicum, though the latter 
has comparatively long corallites. The visceral chamber is oc- 
cupied by a mass of trabecular tissue formed by irregularly 
anastomosing fibres, and this structure is apparent on the floor 
of the calice. In Pleurodictyum megastomum on the contrary,. 
septa are seen to be developed around the outer margin and 
feebly extend to the inner edge. 

Vaughania, Garwood! is a Carboniferous coral having certain. 
affinities both with Cleistopora and Pleurodictyum. From Cleis-. 
topora it differs in having no trabecular tissue at the floor of the 
calice, the corallum being formed of compact fibrous coenenchyma ; 
it has a definite system of ring-canals and branches and a basal 
epitheca as in Pleurodictyum. From the latter genus it differs. 
in the vertical calices and absence of tabulae and septal spines, 
but has intermural pores. 

Occurrence.—Pleurodictyum megastomum is one of the typical 
fossils of the Yeringian Series of Victoria. The figured speci- 
men, built on a Spirifer, was collected by Mr. R. H. Annear from 
Hughes’ Quarry near Lilydale; whilst the small but complete 
_corallum was presented by Mr. A. M. Savige and came from 
Kinglake West. 

_ The localities for P. megastomum are :— 

In the Lilydale and Upper Yarra districts Hughes’ Quarry 
(R. H. Annear) ; Ruddock’s Quarry (F. P. Spry, J. S. Green, F. 
Chapman); Wilson’s Quarry (J. T. Jutson); Seville (J. S. 
Green); 14 miles below Simmon’s Bridge Hut on the Yarra. 
(Geol. Surv. Vict. B. 16)?°; junction of Woori Yallock and Yarra. 
Seal Surv, Vict.B;j)23)5' Woort. Yallock,. Mr. J..H. Syme’s 
Orchard (F. Chapman). 

In Gippsland—Loyola near Mansheld; Thomson River ;: 
Cooper’s Creek, Thomson River (Rev. A. W. Cresswell and A. A. 
Henderson). | 

District of Plenty Ranges—Kirglake West (A. M. Savige) x 
Clonbinane; Wandong (F. P. Spry); Merriang Road near Kil-- 
more (J. T. Jutson) ; Kilmore (G. Sweet). 

In addition to these localitites the same species is apparently 
found at Zeehan in Tasmania (R. Etheridge jnr. and Rev. H. 
Anderson), and also at Yass, N. S. Wales (W. S. Dun). 


£9. Quart, Journ. Geol, Soc., vol, LVITI., 1912, p, 564, 

20. This locality was referred to in error as ‘“ West of Mount Disap- 
See ic in’ my paper——Proc. “RK; Soe), Vict.; vole XV. CNS), pt. IL; 

’ Dp. . 
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Genus Michelinia, de Koninck. 


MICHELINIA PROGENITOR, sp. nov. 


Description.—Corallum hemispherical, rather depressed. Coral- 
lites small, walls thick, having a diameter of 2 to 3mm., pris- 
matic, chiefly hexagonal in transverse section. Tubes of coral- 
lites filled with funnel-shaped tabulae, at times regularly inserted 
centrally to form a cornute tube. Height of corallum about 
3.5cm. (nearly one and a-half inches) ; expanse of specimen about 
6.5cm. (about two and a-half inches). 

Observations.—It is of very great interest to find a typical 
representative of the genus Michelinia so far down in the palaeo- 
zoic series. Michelinia is known from the Devonian of Canada, 
Devonshire and Asia Minor, and more profusely from the Car- 
boniferous limestone of England and Russia; whilst in the Aus- 
tralian coral fauna, up to the present two identifications of this 
genus have been made, viz., Muichelinia sp. cf. tenuiseptata, 
~ Phillips sp. from the Carbopermian of Co. Buckland, N. S. Wales 
(probably Upper Marine Series)?! and another from the Car- 
boniferous of Lion Creek, Stanwell, near Rockhampton, Queens- 
land?*,_ The calices of the former have a diameter of 7-9mm. 
and the tabulae consist of much more crowded and irregular 
vesicular tissue. In the Queensland specimen the corallites have 
a diameter of 2-4mm.. The tabulae are stated to be very numerous 
and anastomose freely, but do not appear to show the funnel- 
shaped arrangement of the Victorian form. It is not specifically 
named. 

The present species, by far the oldest known, is a small celled, 
neat and thoroughly typical example of the genus. _ A distinguish- 
ing feature of the corallite structure is the great depth of the 
funnel-shaped tabulae. 

Occurrence.—A well preserved specimen in whitish limestone 
from Cave Hill, Lilydale; coll. by Mr. R. H. Annear. Silurian 
( Yeringian ). 

21. R. Etheridge (junr.), Mem, Geol. Surv. N.S. Wales. Pal. No. 5, 
1891, p. 28, pl, IV., fig. 1. See also Ed, and Haime, Mon, Brit. Foss. Corals, 
1852, pt. 3 (Mon. Pal. Soc.), p. 155, pl. XLIV., figs, 1, la, Db. 


22. R. Etheridge (junr.). Bull. Geol, Surv., Queensland, No, 12, 1900, 
Dian 
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Fam. AULOPORIDAE. 


Genus Romingeria, Nicholson. 
ROMINGERIA RAMULOSA, Sp. nov. 


Specific Characters——Corallum apparently attached by the base. 
only, afterwards free; branching at intervals, sometimes form- 
ing verticils of three branches. Corallites slender, elongate, 
trumpet-shaped; walls perforate. Tabulae thin, slightly concave: 
and numerous. External surface of corallites sometimes facetted. 
or angulate; epitheca finely wrinkled transversely. 

Dimensions.—Length of corallites from 4 to 8mm.; width at. 
mouth from 2.75 to 3mm. 

Remarks and Affinities—As regards the relationship of 
Aulopora to the present genus, Nicholson?* said that he was. 
“constrained to separate Romingeria from the Auloporidae as it 
possesses “mural pores’ in parts, while it further differs from. 
Aulopora proper in having an erect corallum.” 

This perforate character in the present form of Romuingeria is. 
very well accentuated, nevertheless the whole build of the coral 
with this exception points to a close relationship with the better- 
known auloporoids. 

In certain epithecal characters the present species reminds one 
of Pleurodictyum, one of the Favositidae, so that were it- 
necessary to make a separation, Romingeria might eventually find 
a place in that family. 

That this present species falls into the genus Romuingeria is. 
fairly clear from the fact that the corallum is free, excepting 
possibly at the base, unlike Aulopora which is attached from the 
base upwards to the terminals. One of the distinguishing char-- 
acters which marks off the known Romingeriae from the aulo- 
poroid Syringoporae is its habit of forming verticils of corallites.. 
This feature is also present, though feebly so, in Romingeria. 
ramulosa. The genus is new to the Australian palaeozoic, with 
the exception of Romingeria foordi described by R. Etheridge jnr.. 
from the Devonian of Reid Gap, near Townsville, Queensland?+. 

Range of Genus—Romingeria (formerly Quenstedtia of 
Rominger) has a geological range from the Silurian to the Devon- 


23. On the Structure and Affinities of the Tabulate Corals of the Palaeo- 
zoic Period, 1879, p. 231. 
24, Geol. and Palaeont, of Queensland, 1892, p. 56, pl. I., fig. 18. 
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jan, and hitherto confined to the North American area. 
AR. umbellifera, Billings sp.2° is found in the Corniferous Lime- 
stone (Lower Devonian) of Wainfleet, Lake Erie, Canada West; 
whilst a Silurian species, R. niagarensis, Rominger sp.?® occurs 
in the Niagara Group, Upper Silurian, at Port Detour, Lake 
Huron, and also at Iowa. 

Occurrence.-—Abundant as well preserved ochreous-coated casts 
in the olive-brown mudstone of Ruddock’s Quarry, near Lilydale. 
Silurian (Yeringian). 


Fam. SYRINGOPORIDAE. 
Genus Syringopora, Goldfuss. 


SYRINGOPORA THOMII, sp. nov. 


Description—Corallum moderately large; corallites in fairly 
‘close contiguity, about 2cm. or more in length, connected by short 
epithecal stolons. Calices filled with both funnel-shaped tabulae 
-and numerous dissepiments which are confined to the sides. Walls 
of corallites thick, measured about .75 mm.; average diameter 
of calices, 3 to 4.6mm. Septa minute, spines about 40 to the cycle. 

Observations —The calices in this species are exceptionally - 
large for the genus, but are more than matched by the Middle 
Devonian S. spelaeanus, Eth. fil.2” found at Cave Flat, Murrum- 
‘bidgee River, N. S.-Wales, and at Buchan, Victoria. The latter 
species differs however, in having much more widely separated 
-corallites, which measure 5.5 to 6mm. in diameter. The corallites 
-of S. spelaeanus measure about 5 or 6 inches in length, against 
three quarters of an inch in S. thomii. 

The walls of the Victorian species are not so thick as in> 
.S. porteri, Eth. fil.28 of the Tamworth Limestone (Mid. Devon- 
jan), which also has smaller corallites (1.5 to 2mm. in diameter). 

Syringopora syrinx, Eth. fil.29 from the Carboniferous Lime- 
stone of Lion Creek, near Rockhampton has smaller calices than 


5. Aulopora umbellifera, Billings. Canadian Journ, (N.S.), vol. IV., 
yom INS) 
Quenstedtia nigarensis, Rominger, Geol. Surv, of Michigan, vol, III., 
1876, p. 72, pl. XXXIII., fig. 3 (lower specimen). 
Rec, Austr, . Mus.’ ‘vol, IV., No, 7, 1902; p.).258, pl. XXXVII., Dei cas 
pl. XXXVIII. 

8. Rec. Geol. Surv., N.S. Wales, vol. VI., pt. 3, 1899, p. 176, pl. XVIIL., 
figs. pl, Ao hes 12, 

29 Bull. Soc. Geol. Surv., Queensland, No. 12, 1900, p. 6, pl. I., figs. 
€-9; pl. dI.; fig. 11. 
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the Victorian species, and it also differs in the greater amount 
of vesicular tissue within the tubes. Otherwise there is some 
resemblance between them. 

S: bellensis, Eth. fil8° from the Silurian of the Wellington 
Caves, N. S. Wales, has smaller calices, with ‘more regular 
circular openings. The same close contiguity is observable in both 
species. 

Occurrence.—The type specimen is from the grey -limestone 
of Loyola, near Mansfield, and was presented by the Rev. Robert 
‘Thom, after whom the coral is named, in recognition of his 
‘successful work in discovering many interesting fossil remains 
in the palaeozoic rocks of Victoria. 

Also found in the limestone of Cave Hill, Lilydale; several 
specimens presented by C. S. Buckley Esq. Silurian (Yeringian). 


EXPLANATION OF PLATES. 


PEATE «LX. 


Fig. 1.—Favosites forbesi, Edwards and Haime. Fractured 
vertical section of corallum. Silurian (Yeringian). Cave 
Hill, Lilydale. Plesiotype. C. S. Buckley coll, Nat. size. 
_ Fig. 2.—F. forbesi, Ed. and H. Fractured transverse section of 
another specimen. Silurian (Yeringian). Cave Hill, 
ihitydale. Plesiotype, ©.’ 5. Buckley-coll.. Nat, ‘size: 
Fig. 3.—Alveolites regularis, sp. nov. Calicular aspect. Silurian 
_ (Yeringian), Cooper’s Creek, Thomson River, Gipps- 
land: Paratype.’ Rev, A. W: Cresswell coll. .-INat ‘size! 
Fig. 4.—Pleurodictyum megasiomum, Dun. Base of corallum 
with wrinkled epitheca, showing Spirifer at centre; also 
another adjacent example. Silurian (Yeringian). Hughes’ 
Quarry, near Lilydale: “R)'H. Annear, coll Nat size: 
Fig. 5.—P. megastomum, Dun. Wax squeeze from fig. 6, show- 
_ ing positive appearance of corallum. x 4, 
Fig. 6.—P. megastomum, Dun. Mud cast of corallum. Silurian 
(Yeringian). Kinglake West. A. M. Savige coll, x $. 
Fig. 7—Michelinia progenitor, sp. nov, Fractured surface, trans- 
verse section. Silurian (Yeringian). Cave Hill, Lily- 
dale. Holotype. R. H. Annear coll. Nat. size. 


30. Rec. Geol. Surv, N.S. Wales, vol. V., pt. 4, 1898, p. 150, pl. XVI. 
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8.—M. progenitor, sp. nov. Vertical section through coral— 
lites. Silurian (Yeringian). Cave Hill, Lilydale. R- 
H. Annear coll. Nat. size. 


PLATE! X. 


9.—Michelinia progenitor, sp. nov. Vertical section show-- 
ing infundibuliform tabulae. Silurian (Yeringian). Cave: 
Fiill, Eilydajes Ry? 1. Annear con? x 3. 

10.—Romingeria ramulosa, sp. nov. Corallum in mudstone.. 
Silurian (Yeringian). Ruddock’s Quarry, near Lily- 
dale.” Helotype. J.'S. Green coll, “Nat. size. 

11.—R. ramulosa, sp. nov. Corallites. weathered, in mud-- 
stone, showing perforated walls and impressions of tabu-: 
lae. Silurian (Yeringian).. Ruddock’s Quarry, near 
Ligdale. Paratype. .W. J. Parr colly,.x 10: 

12.—R. ramulosa, sp. nov. Enlarged outline of corallum,. 
seen in fig. 10. Silurian (Yeringian). Ruddock’s Quarry, 
near Lilydale. x2. . 

13.—R. ramulosa, sp. nov. Enlarged drawing of another 
specimen from the same locality, showing three coral- 
lites in verticil, Paratype. F.,C. coll... x2. 

14.—Syringopora thomu, sp. nov. Corallum, weathered, in 
grey limestone. Silurian (Yeringian.) Loyola, near 
Mansfield. Holotype. Rev. Robert Thom coll. Nat. size. 

15.—S. thomii, sp. nov. Section across corallum. Siluriam 
(Yeringian)....Cave Hill, Lilydale. . Paratype. ©. Se 
Buckley coll. Nat. size. 

16.—S. thomii. sp. nov. Section across corallite, showing 
dentate septa and curved tabulae. Silurian (Yeringian). 
Loyola, near Mansfield. Tectotype. R. Thom coll. x 10_ 


PLATE XI. 


17.—Aveolites victoriae, sp. nov. Vertical micro-section 
showing irregular walls, large mural pores and thin 
tabulae. Silurian (Yeringian). Cave Hill, Lilydale. 
Tectotype. x 16. 

18.—A. victoriae, sp. nov. Transverse micro-section, show- 
ing irregular, polygonal calices and thick tooth of ver- 
‘tical ridge. Silurian (Yeringian). Cave Hill, Lilydale. 
Tectotype. x 16. 


Proc. R.S. Victoria. 1921. Plate IX. 


F.C., photo. 


Favosites, Alveolites, Pleurodictyum, Michelina. 
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Proc. B.S... Victoria, 1921. Plate: <i, 


-F.C., photo. 
Alveolites and Favosites. 
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Fig. 19.—Alveolites regularis, sp. nov. Vertical micro-section 
showing regular walls and thick tabulae. Silurian 
(Yeringian)., Cave Hill, Lilydale. Tectotype. x 16. 

Fig. 20.—A. regularis, sp. nov. Transverse micro-section, show- 
ing triangular to polygonal calices with blunt projecting 
ridge. Silurian (Yeringian). Cave Hill, Lilydale, 
Tectotype!. x: 16. | 

ae 21.—Favosites (Emmionsia) spinigera, sp.’ nov. Vertical 
section showing thin, complete tabulae and curved 
spiniferous, incomplete tabulae or squamulae. Silurian 
(Yeringian). . Deep Creek, Thomson River, Gippsland. 
Holotype. A. W. Cresswell coll. x 16. 
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[| Proc. Roy. Soc. Vicror1a 33 (N.S.), 1921.] 


Arr. X1V—Contributions to the Flova of Australia, 
VO. Zo. 


BY 


ALFRED J. EWART, D.Sc., Pa.D., F.LS. 
(Professor of Botany and Plant Physiology in the Melbourne University). 


[Read 9th December, 1920. ] 


ASPERULA scopaRIA, Hook, f. var. elongata, Benth. (Rubiaceae). 


Borroloola, Northern Territory, G. F. Hill. No. 692, 14/12/1911, 
Five mile Bar, MacArthur River, Northern Territory, G. F..Hill. 
No. 730, 30/1/1912. 


Bartsia TRIxAGO, L. “Trixago Bartsia.” (Scrophulariaceae). 

Ullina, J. T. Mulquiny, 10/11/1920; Canterbury, oe French, 
Jnr. November, 1920. New localities in Victoria for this intro- 
duced plant. 

It is a native of Europe and Africa and is semi-parasitic on 
roots of grasses, and its presence deteriorates a pasture. Mowing 
to prevent seeding, loosening and manuring the soil, aid in keep- 
ing it down. > 


Bassia QUINQUECUSPIS, F.v.M., var. villosa, Benth. 
‘“‘Spearfruited Saltbush” (Chenopodiaceae). 


Sunbury, Victoria, C. Green, March, 1920. 

This variety is now evidently spreading Southward in Victoria, 
having been previously recorded from the North West and the 
North Eastern. Districts only. 


Bryerta VIRGATA, n. sp. (Text Hig.) (Kuphorbiaceae). 


On Sand Hills near Lefroy in West Australia, 7/11/1891, R. 
Helms, Elder Exploring Expedition. 

This plant was placed for a long time under B. brevifolia, from ; 
which species it is quite different. As it appeared to be un- 
described, portion was sent to Kew, England, under the name 
of Beyeria and was returned marked, “Genus correct, species 
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unpublished.” The specimens were held for a time in the hope 
of obtaining complete material with flowers, but as these have 


not been obtained, a description of the original specimens is now 
published. 


— 
<a — 
a A ay 
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Fig. 1. Shoot of Beyeria virgata, Ewart. (a) Capsule showing a single seed. 
Fig. 2. Portion of shoot enlarged. 


A rather compact woody shrub from 3 to 5 feet high, with 
tough greyish virgate branches, the ends covered by densely set 
very small sessile leaves. The leaves are about 2 mm. long by 
1 mm. broad, thick, oblong with a relatively broad prominent 
midrib beneath, flat above, quite glabrous and glaucous. Female 
flowers scattered singly, sessile, terminal or lateral, stigms 2. 
Fruit a small, dry oval capsule, with a single seed, and splitting 
by five valves. 

CLayroNnia PeRFoLIATA, Don. “ Perfoliate Claytonia.” 
(Portulacaceae). 


Golton South, Victoria, A. W. Howard, September, 1920. An- 
other locality in Victoria for this introduced plant. 
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ELEuSINE INDICA, Gaertn. (Gramineae). 


The specimen from Borroloola, G. F. Hill, No. 606, 9/10/1911, 
given under Leptochloa subdigitata, Trin., on page 47 of the 
Flora of the Northern Territory should be transferred to Eleusine. 
indica, Gaertn. This makes an addition to the list of grasses of 
the Northern Territory. 


Erica Lusiranica, Rud. ‘Spanish Heath.” (Hricaceae). 


Wheeler’s Hill, Victoria, J. W. Audas, 11/8/1916; Beaconsfield, 
Victoria, Mrs.. Dancocks, ‘December, 1916; Selby, Victoria ee 
French, Jnr. ge 

The above was recorded in the Victorian Naturalist, vol. xxxiii., 
p. 69 (1916), and the Proceedings of the Royal Society of 
Victoria, vol. xxix, p. 145 (1916), under the name of Erica 
arborea, L. These two species though pearing a superficial re- 
semblance are quite distinct, thus:— 


E. LUSITANICA. __E. arporea. 
Shrub—10 to 12 feet high. Tree—10 to 20 feet high. 
Branches—Clothed with simple hairs. Branches—Tomentose. 
Leaves—}-inch long, grooved beneath, Leaves—Grooved beneath, 3-4 in a 
irregularly arranged. m swhorl, 
Flowers—Slightly fragrant. - Flowers—Fragrant (smells like 
honey). 


Corolla—Cylindrical, about $-inch long. Cgrolla—Bell’ shaped or globular, 
> 3-inch long. 
Stigma—Smaill, red. Sana lattened, white. 
E. lusitanica is a native of Western Europe; E£. arborea is 
native to the Mediterranean regions and the Caucas. 
The true Erica arborea, L. has been recorded as naturalised 
in the Research District, Victoria. 


Evucatyprus mMiniata, A. Cunn. (Myrtaceae). 


Mr Maiden states that the specimen, No. 809, given under 
the above heading in the Appendix 111. to the Flora of the North- 
ern Territory, p. 312, belongs to E. ptychocarpa, F.v.M., and 
should be transferred to that species on the same page. 


FranKeENIA serosa, W. V. Fitzg. (Frankeniaceae). 
East Geraldton, West Australia, 1889 a collector’s 
name). 
An additional locality i in West Australia Ea this plant. 
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GREVILLEA CERATOCARPA, Diels. (Proteaceae). 


Boodalin, West Australia, Lat. 31.139, Long. 120° East. A. 
Forrest. 


GREVILLEA INCRASSATA, Diels. (Proteaceae). 


Parkers’ Range, West Australia, Edwin Merrall, 1892. 


KYLLINGIA INTERMEDIA, R.Br. ‘Globe Kyllingia.” —(Cyperaceae). 


Water Reserve, South Mandurang, near Bendigo, March, 1919, 
also Water Reserve, Big Hill, near Bendigo, Victoria, March, 
1920, David J. Paton. 

‘ New localities in Victoria for this plant, it having been prev- 
jiously recorded from the North Eastern District only. 


Mepicaco EcHINus, D.C, ‘Cavalry Medick” or 
’ “Crown of Thorns.” (Leguminosae). 


Garden at Ballarat, H. B. Williamson, September, 1916; Drys- 
‘dale District, E. Dennis, December, 1920. 

A native of the Mediterranean Regions. This plant is evidently 
spreading in Victoria and is apt to become a pest on account 
-of its burred fruits. 


Mepicaco minima, L. ‘Small Burr-Medick.” (Leguminosae). 


Longerenong Agricultural College grounds, Dooen, Victoria, 
a new locality for this plant. 

A native of Europe and Asia. It was previously recorded as a 
naturalised alien in the South and South Western districts of this 
State. 


it 
MicrocaLa FILIFORMIS, Hoff. and Link. ‘Slender Microcala.” 


- (Gentianaceae). 


Ringwood, Victoria, C. French, Jnr. October, 1920. 
A new locality in this State for this introduced plant. It was 
‘previously recorded from Linton and Langwarrin. 


Mitta unrrtora, R. Grahm. Triplet Lily. (Liliaceae). 


Beaumaris, Victoria, Alfred J. Tadgell, 11/9/1920. 
_ A new locality for this garden escape. It is a native of South 
America. 
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Muscari Borryoipes, Mill. ‘Blue Grape Hyacinth.” (Liliaceae): 


Somerville, Victoria, J. W. Audas. September, 1916. 

A native of Europe and Asia. This garden plant was found’ 
growing in the scrub along the main road, and may be classed 
as an exotic not yet sufficiently established to be considered. 
naturalised. 


Muscari rAceEMosuM, Mill. ‘Clustered Grape Hyacinth.” 
( Liliaceae). 

Sale, Gippsland, A. W. Howitt (1883). 

A native of the Mediterranean Regions and the Caucasus. It is: 
often cultivated in gardens, and like the preceding species, may he 
classed as an exotic not yet sufficiently established to be con-. 
sidered naturalised. 


NorHouagEna pistans, R.Br. (Filices). 


On Sandstone Ranges, Borroloola, Northern Territory, G. F.. 
Hill. No. 726, 13/12/1911. 


PANICUM PILIGERUM, F.v.M (Gramineae). 


Five Mile Bar, MacArthur River, Northern Territory, G. F.. 
Aillys Now703, 30/12/1911. 


PANICUM REPENS, L. (Gramineae). 


Five Mile Bar, MacArthur River, Northern Territory, G. F.. 
Fall, Mo 730, 28/49 1912. 
This is an addition to the Flora of the Northern Territory. 


PIMELEA HUSSEYANA, F.v.M. (nomen nudum). (Thymeleaceae), 


Victorian” Naturalist x1,.p..122./(1894). Trans. Roy. Socram 
South Australias wine p81: '\( 18959. 

Both are citations of the name only, without any description, 
and no record of any published description can be found. The 
plant appears to be a good species and shows some affinities to 
Pimelea alpina. The corolla however appears to be circumsciss, 
and the flowers in little terminal heads, which would give an. 
affinity to P. curviflora. The following description would serve.. 

P. Husseyana. A small, wiry, branched shrub, a foot or more: 
in height, with alternate, rarely opposite, closely set leaves, oval,, 
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flat or slightly concave, with a prominent midrib, glaucous, drying 
with a bluish tinge, 3-5 mm. long. Stems hairy. Bracts but 
little broader than the foliage, leaves merging into them, usually 
at least 3 bracts can be distinguished. Flowers longer than the 
bracts, about 1 c.m., with a long tube, mostly apparently herma- 
phrodite ; corolla silky villous outside, glabrous within. Filaments 
short, anthers flat. Fruit not seen. It was collected near Port 
Elliot, Encounter Bay, South Australia, by Miss J. Hussey, 1894. 


POLYGONUM ARTICULATUM, R.Br. (Polygonaceae). ‘ 


Darwin, Northern Territory, M. Holtze, Nv. 1244 (1891). 
This is an addition to the Flora of the Northern Territory; it 
was previously recorded from Queensland. 


PsamMomya, Diels and Loes. (Celastracewe). 


This genus was described by Diels and Loesener in Engler’s 
orn,, Jahrb., Bd..xxxv., p. 339°¢1905)? They ‘state that what 
was described by F. v. Mueller in the Victorian Naturalist, vol. vi., 
p. 118 (1889), as Logama choretroides does not belong to the 
Loganiaceae and should be transferred to the Celastraceae under 
the above named genus. They have divided it into two species, 
namely P. choretroides and P. ephedroides, but through some 
‘error the specimen from Mount Narryer, Murchison River, [.. 
Tyson, 1893, is given under P. choretroides. It should have been 
placed under P. ephedroides as it agrees with the illustration given 
by Diels on page 341. The specimen from towards King George’s 
Sound is quoted under P. ephedroides but obviously belongs to 
P. choretroides. 

The distribution of these two species, according to the speci- 
mens in the National Herbarium, Melbourne, are :— 

P. choretroides, Diels et Loes,’ Eastern Sources of the Swan 
River, Mrs. Heal, 1899; towards King George’s Sound, 1892; 
Cowcowing, Max Koch, September, 1904. . 

P. ephedroides, Diels et Loes, Mt. Narryer, Murchison River, 
Isaac Tyson, 1893. So far as we know at present this genus 
is confined to West Australia. 


Pritotus, R.Br., and Trichinium, R.Br. (Amarantaceae). 


The species given under these two genera in the Flora of the 
Northern Territory, pages 97 to 100, should be transposed, i.e., 
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those under Ptilotus should be put under Trichinium, whilst those 
under Trichinium should be placed under Ptilotus. F. Mueller, 
in his Census of Australian Plants, placed Trichinium as a sub- 
genus of Ptilotus. This arrangement is followed in Engler’s — 
Pflanzen Familien, and Maiden’s Census of New South Wales 
Plants. In the Flora Australiensis, Bentham keeps them separate, 
but considers that if they were to be united it would be preferable 
to adopt Trichinium, as it contains the larger number of species, 
and would therefore cause the least confusion with the nomen- 
clature of the species. 

For the sake of convenience they were kept separate in the 
Flora of the Northern Territory, and the generic names were 
accidentally transposed. | 


ScLEROCHLOA DURA, Beauv. ‘Hard Grass.” (Gramineae). 


Longerenong Agricultural College grounds, Dooen, Victoria, A. 
C. Drevermann, October, 1920. 

A native of Europe, Asia and Africa. An exotic not yet 
sufficiently established to be considered naturalised. It is two 
small to be of much use as a pasture grass. 


SELAGINELLA STOLONIFERA, Spring. ‘‘Creeping Selaginella” or 
‘* Cubmoss.” (Selaginellaceae). 
Malleson’s Glen, Don River, Victoria, F. G. A. Barnard. 
26/4/1920. | 


This well-known greenhouse plant, a native of the West Indies, 
has made its appearance in a fairly large quantity in the above 
district. It had probably originated by wind-born spores from 
the garden of Mr. A. Agnew close by. It may be classed as an 
exotic not sufficiently established to be considered naturalised. 


SuRIANA MARITIMA, L. (Simarubaceae). 


Goldburn Island, Northern Territory, M. Holtz, No. 22, March, 
1911. | 

This plant is a low bushy shrub, 4 to 6 ft. high, growing at 
high water mark on the Island. Flowers yellow. 


[ Proc. Rory. Soc. Vicrorta, 33 (N.S.), 1921.] 


Art. XV.—The Estimation of Acidity. 


By J. M. LEWIS, D.D.Sc., M«xs. 


(Communicated by Professor W. A. OsBorne, M.B., B.Ch., D.Sc.) 
[Read 9th December, 1920. ] 


Three methods are in practice available for the determina- 
tion of the acidity or basicity of solutions, 1.e., their hydrogen ion 
concentration :— 


(1): -The use of ai “ladder” of indieaters. 
(2) The hydrolysis of esters. 
(3) The electrometric method. 


(1) The employment of a “ladder” of “Indicators” which 
give definite color changes at different hydro- 
gen ion concentration. 


These properties, which are possessed by many of the aniline 
dyes, have been employed by Salm. and Sorensen in arranging 
a scheme which makes use of about fourteen of these substances, 
the authors mentioned having placed them in a table, showing 
the indicators available, and the concentrations which their 
colour changes cover. This table, which has been altered and 
improved by Bayliss, will be found in his “ Principles of General 
Physiology,’ (1), and the student is recommended to examine 
it. On inspection it will be seen that as many as four changes 
of hydrogen ion concentration may be made apparent with one 
indicator, and these are so arranged that there is a definite grada- 
tion in the series, from high, i.e. acid, concentrations, through 
neutrality, to the low concentrations of alkaline solutions, which, 
in spite of the seeming paradox, possess a demonstrable hydrogen 
jon concentration. 

By means of these indicators, concentrations ranging from 
Nx2 to Nx10-!*, may be measured and some idea of the prin- 
‘ciples involved in the arrangement of the “ladder” may be 
gained when it is pointed out that, whereas crystal violet in solu- 
tion becomes golden yellow at a hydrogen ion concentration of 
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at Nx10-?, and violet at Nx10-°; undergoing no further change 
Nx2, it becomes green at one of Nxl, green blue at Nx10-', blue 
in decreasing concentrations. Again, phenol-phthalein is colour- 
less in hydrogen ion concentrations, ranging from Nx2 to Nx1l0-%, 
but it becomes rose»coloured at Nx1l0-*, red at Nx10-!°, and 
thereafter remains unaltered. 
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It will thus be seen that by the selection of a suitable indicator 
sensitive over changes of hydrogen ion concentration which may: 
be anticipated, accurate information as to the ionic concentra- 
tion of an unknown solution may be gained. 

A “ladder” of indicators arranged by the writer, somewhat 
on the lines of that in S. W. Cole’s Practical Physiological Chem-. 
istry, 5th edition, is illustrated in figure 1. The dyes there men- 
tioned are prepared by the Cooper Laboratory, Watford, who: 
reproduce the scheme referred to. 

If this “ ladder ” be examined, it will be seen that the indicators. 
there shown cover a wide range of possible hydrogen ion con- 
centration, and it may be of interest to note certain of the fea- 
tures of some of the indicators in this particular series. 

Methyl red and thymol blue, for instance, may be used in 
the precipitation of an amphoteric substance, such as anthranilic: 
acid from its alkaline solution. In this operation, insufficient 
mineral acid will not completely precipitate the organic acid, while 
an excess will redissolve it. By the use of these indicators the 
exact point is readily found. To do this one employs a test 
paper saturated with methyl red, making spot tests upon it 
from time to time, until the acid point is approached; then the 
addition of acid is further continued until a thymol blue paper 
also shows an acid reaction, which is the concentration of acid 
at which the maximum precipitation takes place. In thymol. 
blue we have an indicator of two useful working ranges, 1.e., 
an acid and an alkaline range, which can be employed in dif-. 
ferentia! acidimetric and alkalimetric titrations. Any acid with: 
a dissociation constant equal to or less than acetic acid, can be: 
titrated in the presence of hydrochloric acid if the weaker acid’ 
is completely neutralised when the alkaline change of indicator 
occurs. (2) 

One illustration taken from a communication by Clark and 
Lubs will serve to show the application of this method to the dif- 
ferential titration of an organic acid in the presence of hydro- 
chloric acid. 

Many organic acids are not dissociated at a concentration of 
hydrogen ions at which hydrochloric acid is itself completely 
dissociated. If to a saturated aqueous solution of benzoic acid 
a known amount of-indicator be added, and this is used as an 
indicator colour standard, the hydrochloric acid content of an 
unknown mixture may be estimated by titration with normal 
sodium hydroxide, in the presence of the same indicator, until’ 
the colours are matched. Care must be taken that the indicator 
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econcentration in the two -solutions is identical. The most suit- 
cable concentration of thymolsulphonephthalein will give the solu- 
tions a pale yellow colour. The titration is continued until the 
first trace of blue in the alkali range is reached. At this point 
call the benzoic acid has been neutralised. In carrying out such 
a measurement it is most important that equal amounts of indi- 
rcator be added to both solutions, that the final volumes are the 
‘same, and the colour matching be carried out in daylight of uni- 
form quality.(3) 

The colorimetric method is however restricted in its scope. Gen- 
erally speaking it cannot be used with coloured solutions, and fur- 
thermore, the personal element must always enter largely into 
any scheme which involves a nice discrimination between slightly 
‘varying shades of colour. 


(2) The Hydrolysis of Esters. 


This depends upon the fact that the hydrolysis of methyl and 
‘ethyl acetic esters is, in strong concentrations of hydrogen ions, 
‘proportional to that concentration. . 

For example, when methyl ester is acted upon by water in 
considerable dilution, the conversion to alcohol and acid is prac- 
tically complete, thus :— 

CH,.COOCH, + H,O=CH,.COOH + CH,OH. 

The technique of the method consists in the titration of the 
-acid-water-ester mixture at intervals against a N/20 baryta solu- 
tion in order to ascertain the end point of the reaction. The flask 
containing the mixture must be immersed in a thermostat. 

A water-ester mixture under identical conditions is kept under 
‘observation as a control, and the calculation of the result is based 
on Guldberg and Waage’s formula for the velocity of chemical 
reaction. (4) The method must be regarded as more or less cum- 
bersome, and since the final result cannot be ascertained until 
the reacting solutions have remained in the thermostat for 48 
hours, it may be set aside as not fulfilling the necessary require- 
ments for routine use in the laboratory. 


(8) The Electrometric method. 


This method of estimating the actual hydrogen ion concentra- 
tion of a given solution is that which, in spite of certain difficulties 
in the way of a rigid technique, must be regarded as the final court 
of appeal in any investigation which has for its object the estima- 
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tion of hydrogen ion concentration. Its sensitiveness is remarkable, 
and this will perhaps be better realised when it is pointed out 
that its use has made possible as an ordinary laboratory procedure 
the estimation of the change in the hydrogen ion concentration 
in the blood, which controls the mechanism of respiration. (5) 

The method is free from the objections inseparable from the 
use of colorimetric methods, and it may be used to determine 
with great exactitude the end point in a titration, where a definite 
cencentration of hydrogen ions is aimed at. Furthermore, since 
no reagents are introduced, the solution undergoing investigation: 
remains the same at the end of the examination as at the be- 
ginning. 

In comparing the electrometric with the colorimetric method 
this very important fact must be kept in mind—titration methods. 
exhibit the total amount of acid or alkali present, 1.e. dissociated,. 
plus undissociated, since with every addition of standard acid. 
or alkali chemical combination takes place, and a further portion 
of the dissolved substance becomes dissociated. This process will 
continue until the whole of the reacting acid or base is neutralised,. 
and thus, not the actual, but the available amount of reacting salt. 
is shown. 

The routine use of such an exact method has become a necessity 
to the biochemical worker. To take a case in point, one of the 
notable advances in both human and comparative physiology 
has been the recognition of the great importance which attaches. 
te the maintenance of the blood at an hydrogen ion concentration, 
which varies only within the narrowest limits. In the blood, an 
elaborate mechanism, involving the “buffer” action of its con- 
tained carbonates and phosphates exists for this purpose. As Bay- 
liss points out, in the case of the frog, “‘ the heart is affected by so 
small a change in hydrogen ion concentration as that from neu- 
trality, Hx10-*-", to one of Hx10-°-5, while a rise in H. concentra- 
tion corresponding to that effected by adding 0.036 mgm. of HCl 
to a litre of distilled water, i.e., to Hx10-®, is fatal.” 

To quote Bayliss’s words, “If we were dealing with distilled 
water only, the addition of one-millionth of a gram molecule of 
HCI to a litre of distilled water would raise its hydrogen ion con- 
centration from Hx10-* to Hx10-®-°, and such a change as this re- 
presents would be ten times in excess of that which would be: 
fatal to many protoplasmic processes.’’(1) 

The electrometric method is of service in investigations involv— 
ing the optimum reaction of enzymes. 


238 J. M. Lewis: 


Recently its application to the preparation of bacteriological 
‘media having a prearranged exact hydrogen ion concentration 
has proved to be of the greatest utility. Beside this, the investiga- 
tion of the acidity of soil extracts, which is now known to bear 
an important relation to plant growth, has been shown ‘to be 
another field in which the method should be of great use.(6) 

In the presence of these facts it will be evident that an instru- 
‘ment of precision for the measurement of such slight variations 
in hydrogen ion concentration is of the greatest value to the bio- 
logical chemist, and it is safe to assume that the hydrogen elec- 
trode will also occupy an important place in the clinical armamen- 
tarium of the future. 


Theory of Electrode Potential. 


Before proceeding to a description of the hydrogen electrode 
in detail, it will be necessary to discuss in general the prin- 
ciples which underlie its use. The practical application of the 
method received a great impulse from the work of Nernst, who 
showed that when a metal made contact with a solution of one of 
its salts, the electric charge, or potential, which it acquires with 
respect to the solution, bears a constant relation to the concen- 
tration of the dissolved salt. 

As this law holds good whatever the salt may be, it is evident 
that the e.m.f. developed depends only upon the concentration 
in the solution of ions identical with the metal employed.(7) 

When any substance goes into solution—and all substances ex- 
hibit a certain tendency to dissolve—we must conceive the process 
to be accompanied by electrical phenomena. 

In the case of a soluble salt, its solution will be followed in- 
‘stantly by the dissociation of a certain fraction into ions bearing 
complementary charges of electricity. As such a system is in a 
state of equilibrium, the electrical phenomena are not manifest. 

Where metals are concerned, however, the case is different, 
since a metal, when dissolving, can only give off to the solution 
‘positively charged ions, and, depending on the degree to which 
it does so, the metal will become negatively charged. 

We may take a concrete case. Let us suppose a rod of zinc 
to make contact with a solution of the chloride of this metal. 
‘Two opposing forces now come into operation. One is repre- 
sented by a tendency of the zinc rod to go into solution, and 
‘become to this extent negatively charged, i.e., to give off posi- 


The Estimation of Acidity. 239 


tively charged ions to the solution. The other is a tendency for 
the dissociated zinc to abandon the ionic form, and to appear upon 
the rod in the metallic state; but while this latter will be recog- 
nised as the osmotic pressure of the dissolved metal, the former 
has been termed by Nernst the “ electrolytic solution pressure ” 
cf the metal in question, 

It will be evident then, that where the osmotic pressure of the 
dissolved salt exceeds the electrolytic solution pressure of the 
metal, the plus charges imparted in this way to the rod will cause 
it to become positively charged with respect to the solution. 

It must be understood that owing to electrostatic attraction, 
the plus charged ions cannot move more than an infinitesimally 
small distance from the rod unless an external circuit be pro- 
vided, when a current will pass until equilibrium is established. 
Until the external circuit is closed we must assume the existence 
of a “ Helmholtz double layer.” 

We may perhaps make the matter clearer and trace a closer 
correspondence between theory and practice by studying the 
development of an e.m.f. in such a cell as the Daniell. 

The Daniell cell consists of a glass vessel, within which is 
placed a porous cylinder. 

The outer vessel contains a solution of copper sulphate in 
which is immersed a copper plate, while the inner vessel is sup- 

plied with a solution nf zine sulphate in which rests an electrode 
of zinc. 

If electrical connection be made between the zinc and the 
copper plate, a current will follow, and a galvanometer inserted 
in the circuit will indicate an e.m.f. of 1.1 volt. 

The production of this e.m.f. may be explained thus :— 

Copper exhibits in solution a strong tendency to abandon the 
ionic form, and its electrolytic solution pressure is therefore low, 
being lower than its osmotic pressure. In consequence of this 
a copper electrode is positive to solutions of its salts. 

On the other hand, as we have seen, the zinc readily gives off 
‘positively charged ions to its solution, and its charge is therefore 
negative. 

The combination in the Daniell cell, i.e., copper—copper sul- 
phate; zinc—zinc sulphate, may be represented graphically thus: 
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Fig. 2. (After Lehfeldt) 


The sum of the differences thus shown is 1.1 volt, which is the 
known voltage of the Daniell cell. 


Concentration Battery 


Knowing the laws which govern the production of e.m.f. it 
is possible to set up an arrangement known as a “ concentration. 
cell,” in which both electrodes consist of the same metal. These 
are made to dip into vessels containing a solution of a salt of 
the metal at differing concentrations. Electrical connection 1s 
made between the vessels by suitable means. The arrangement 
shown below may be employed, where a suitably bent glass tube 
contains the solutions, means being employed at c to prevent 
rapid diffusion. Let the electrodes at a, and b, for example, 
consist of silver, and the solutions be of some salt of that metal. 

If, now, the electrodes be connected with a galvanometer, an 
e.m.f. will become apparent, which, as far as the external circuit 
is concerned, is directed toward that electrode which dips into the: 
more dilute solution. 
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The production of an em.f. in this: case, and its direction, 
depend upon the fact that while both electrodes give off posi- 
tively charged ions to the solution, and to this extent become 
negatively charged themselves, the electrode, which is in contact 
with the more dilute solution, is “ freer’ to do so on account 
of the lower osmotic pressure of the ions already in solution. 
For this reason it must become negatively charged to a greater 
degree, and the electric equilibrium haying been upset, an e.m.f. 
is shown by the galvanometer. ) : 


Hitherto we have dealt with the production of em.f. when 
metals make contact with solutions of their salts; but an e.m.f. 
is similarly produced where certain gaseous elements make con- 
tact with aqueous solutions containing the ‘same element in an 
ionised state. This may be demonstrated in the case of oxygen 
in contact with an alkaline solution, i.e., one containing dissociated 
OH, but for certain technical reasons a more general application 
has been found for a method in which hydrogen is brought into 
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contact with solutions containing hydrogen ions, using this as 
a criterion of their comparative acidity. 

In order to demonstrate this, advantage is taken of the pro- 
perty of condensing gases possessed by “ platinum black,” and 
the metal deposited in this form upon platinum or gold consti- 
tutes the electrode. 

When such an electrode is placed in an atmosphere of hydro- 
gen, the condensation of the gas on its surface is of such an 
order that the arrangement may be regarded as a solid rod of 
hydrogen, and, with certain technical restrictions, used as if it 
were such. 

We may show the production of an e.m.f. with this electrode 
by setting up an arrangement similar to that described as a “ con- 
centration battery,’ only in this case means must be provided 
for keeping the platinum black saturated with hydrogen, while 
the two electrodes dip into solutions of an acid which differ in 
concentration from each other. A diagrammatic view of the 
apparatus is shown in Fig, 4. 
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Let A be a vessel containing acid of known concentration, 
-N/10 HCl for example, whose H ion concentration is known, 
while F represents a similar vessel containing acid of unknown 
strength. Dipping into the acid are two “ hydrogen electrodes,” 
B, B’, and means are provided whereby hydrogen is bubbled 
through the acid by means of the fine tubes CC’, creating an at- 
mosphere of this gas about the exposed surfaces of the electrodes. 
The hydrogen is at atmospheric pressure, and serves to keep the 
electrodes in a state of saturation. Bent tubes from each electrode 
vessel make contact with a saturated solution of potassium chlor- 
ide in the vessel D (the reason for which will be explained later), 
and wires from the electrodes complete a circuit which includes 
a delicate galvanometer. 

On closing the circuit a current will flow in the direction of 
the vessel containing the weaker acid, since, in this case, the 
electrolytic solution pressure: of hydrogen is greater on the elec- 
trode which is in contact with the acid of lesser concentration, 
i.e. of lesser hydrogen ion concentration. Thus, the electrical 
balance is upset, this electrode having a lower potential than that 
in the vessel containing the stronger acid. Such an arrangement 
ie termed a “° gas chain.” | 

Nernst conceived the idea that these electrical phenomena might 
be treated quantitively, and he was able to construct a formula 
_ ‘by which the hydrogen ion concentration of the unknown solution 

might be calculated, provided the e.m.f. developed, and the hydro- 
gen ion concentration of the other solution were known. 

In developing this formula Nernst was able to utilise the work 
of van’t Hoff, who showed that if osmotic pressure be substituted 
for gas pressure in the formula pu=RT, the “gas laws” are 
applicable to substances in solution. Their assimilation may be. 
shown in the following way: Consider the case of a metal in 
contact with a solution of one of its salts, and call the “ electro- 
lytic solution pressure” of the metal P, and the osmotic pressure 
of the dissolved salt p; then the dissolved metal as it gives off 
ions may be regarded as going from pressure P to pressure p. 
Now, when a gram molecular weight of a gas expands isother- 
mally from a pressure p, to another fp, the amount of work 
done A, is expressed by the formula A=RT1xP,//, where R is the 
gas constant, and T the absolute temperature. Similarly, where 
a formula weight in grams of metal in dissolving and dissociating 
into ions, goes from solution pressure P to an osmotic pressure 
p, the maximum work is shown by the formula, A=RTIn P/, 
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If an equivalent weight of an univalent metal goes into solu- 
tion, the charge carried by the ions will be 96540 coulombs, i.e., 
the Faraday constant F. However, total electricity is equal to 
quantity multiplied by intensity or potential; the formula will 
therefore be 7 P=RT J” P/f or P=RT/F 1x” P/p. Where the metal is not 
univalent, but has the valence n, this factor is introduced thus: 
P=RT/aF 1x P/p. (8). Now R, in electrical units, is 8.3 joules per 
degree, and F, in coulombs, 96540, while the absolute tempera- 
ture T, is 291 (273 plus 18). The formula RT/F thus becomes: 


8:3 x 291 x 2°3 
96540 


The modulus 2.3 is introduced in order to bring natural to 
common logarithms. (9) 

The significance of this equation is that a ten- fold change in the 
concentration would cause a difference of 0.058 v. in the elec- 
trode potential for a univalent ion, 0.029 for a bivalent, and 0.193 
for a tervalent, and it certainly holds good for solution below 
decinormal! strength. (10) The practical application of this will 
be considered later. 

The e.m.f. developed by the hydrogen electrode varies vite 
fairly ‘narrow limits, and is never greater than.a fraction over 
one volt. For the measurement of such currents where extreme 
accuracy is not called for, as in determining the end point of 
a reaction, or checking the normality of solutions used in volu- 
metric analysis, a sensitive galvanometer may be used as described 
by Hildebrandt. (11) } 

In biochemical work, however, the standard practice is to em- 
ploy the Poggendorf compensation method, using a potentiometer 
for this purpose. 

In its simplest form (shown diagramatically in Fig. 5), the ap- 
paratus consists of a wire, a, b, of uniform calibre, stretched 
along a wooden “ metre stick.” To this wire a steady e.m.f. of 
about 1.5 volt is applied by means of an accumulator C. If now 
a cell D, whose e.m.f. it is desired to measure, be so connected 
to ab, that its e.m.f. is opposed to that of the cell C, and is sup- 
plied with a movable contact which slides along ab, then a point 
may be found where no deflection takes place in the galvanometer 
E, which is inserted in the circuit. 

When this point is found, then the e. int bi ue ey Do is equal 
to the potential drop along AF, and it therefore corresponds to 
the ratio AF.FB. 


=0:058v 
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In practice the potentiometer is constructed in such a way that 
a variable resistance is introduced between the accumulator C, 
and AB, the wire AB (or what corresponds to it) being placed 
against a scale which is graduated from zero to 1.5 volt. Instead 
of an unknown e.m.f. at D, a standard cell such as the Weston 


Cc 


D 
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element is introduced, the movable contact F being placed on 
AB, at the known voltage of the cell used. When this is done, 
the variable resistance is adjusted until no deflection of the gal- 
vanometer E takes place. If now the source of current C be 
developing a steady e.m.f., the potential drop along the wire AB 
will correspond to the divisions on the scale, and the instrument 
will be ready for the determination of the unknown e.m.f. re- 
-quired. 

To do this, the standard cell is cut out by means of suitable 
switches, and the source of the unknown e.m.f. (which may be 
a cell, or in this instance, the hydrogen electrode-calomel elec- 
trode used in these investigations) is thrown into the circuit. The 
-sliding contact is now moved along AB until no deflection of the 
galvanometer occurs, and the required e.m.f. may be then read 
off on the scale. 
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In the concentration chain, and also in the gas chain previously 
referred to, an e.m.f. was shown to develop when electrodes were 
in contact with solutions which differed in the concentrations of 
the particular ion concerned, the two solutions being made part 
of an electric circuit. 
In practice it would be possible to measure the H ion concen- 
tration of an unknown fluid, using for one side of the “ chain” 
a solution of unit H ion concentration, i.e., ugbe ges to one 
gram ion per litre (12). 
In the case of hydrogen, however, there is “ much uncertainty 
in the reduction to normal ionic concentration,’ (10) and in 
routine work other means of completing the “cell” must be 
sought. 
It will have become obvious that the hydrogen electrode which 
dips into the unknown fluid constitutes but one-half of the gal- 
vanic cell which must be constructed in order to determine the 
em.f. It is therefore necessary to complete the system by in- 
troducing as the other half, an electrode which develops a con- 
stant em.f. For this purpose the standard practice is to employ. 
a “calomel electrode.” For a full description of its preparation: 
- text-book on the subject may be consulted. 
It will be sufficient here to remark that these electrodes are- 
named from the normality of the potassium chloride solutions 
used in them. The decinormal electrode has been very generally 
employed for this purpose, but the saturated calomel electrode: 
has the advantage of easy preparation, and the absence of any 
need of a temperature correction. The latter has been almost 
exclusively employed by the writer, and has been found to meet 
all requirements. Its construction has followed the form sug- 
gested by Barendrecht. (13) 
_ The materials used in making these electrodes have to be of 
extreme purity, and in connection with this, reference should 
be made to Findlay, (14) the classic article by Loomis and Acree- 
(15), and the recent text book by W. M. Clark. (23) 

As the e.m.f. of a calomel electrode varies with the concen- 
tration of the KCl solution employed, it is necessary to record. 
on the electrode vessel the normality of the solution. For future 
reference it may be noted that the e.m.f. of a hydrogen electrode 
when the hydrogen ion concentration of the solution is normal,. 
and when a saturated KCI electrode is employed, is 0.251 volt,. 
whilst with the deci-normal KCl it is 0.3377 volt. 
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Some writers consider the potential of the calomel electrode 
as zero, but it is perhaps more convenient to call the normal 
hydrogen electrode zero, and then say that the potential of the 
calomel electrode is 0.251 volt, or« whatever the figure may be. 

A convenient form of calomel electrode suggested by Baren- 
drecht is shown in fig. 6, where d is a glass jar, closed by a 
double bored rubber stopper, containing a saturated solution of 
potassium chloride. A test tube c perforated a short distance from 
the bottom contains a small quantity of pure mercury. Dipping 
below the surface of this a glass tube b provided with a sealed 
platinum wire enables one to effect electrical connection through 
a fine column of mercury contained in it. The glass tube e 
serves to connect the cell with a vessel containing saturated KCl. 
The stopcock g, provided it is not greased, may be kept closed 
during measurements. At f a plug of cotton wool prevents dif- 
fusion into e. 


The connecting fluid. 


For obvious reasons it is impossible to connect the calomel 
and hydrogen electrodes electrically by means of a metallic con- 
ductor. The usual practice is therefore to allow both electrodes 
to dip into some conducting solution. The proper selection of this. 
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solution is a matter of great importance since serious errors 
would be introduced if reaction occurred between it and that 
in the electrodes. Some error is inevitable where solutions 
which are not identical are in contact, and in work which neces- 
sitates extreme accuracy, due allowance is made for this, but 
for routine biochemical estimations “ contact potential” may 
be ignored. This has been made possible by the use of a satur- 
ated solution of KCl as a connecting fluid. In such a solution 
the speed of the dissociated ions is equal or nearly so; further- 
more, where the saturated calomel electrode is employed, the 
solution is identical with that of the electrode, in which case 
error can occur only at the point where the fluid in the hydrogen 
electrode comes into contact with the connecting solution. For 
more detailed information the student is referred to the article 
by Michaelis. (7) 


The Hydrogen Electrode. | 


The hydrogen electrode consists of a small element of pure 
platinum, or sometimes gold, which has had a layer of “ plati- 
num black” deposited upon it, and great care must be taken 
that the electrode is at all times completely platinised, and is 
not contaminated. The form given to the electrode varies ac- 
cording to the choice of the worker; thus it may be a small 
rectangular piece of foil, as used by Hildebrand (10) and 
Clark (16), or again it may be simply a fine platinum wire, the 
form preferred by Walpole (17) and Barendrecht (13). Un- 
der any circumstances, the electrode, when saturated with pure 
hydrogen, is placed in the solution in such a way that while part 
of it is immersed, a considerable portion is still exposed to the 
gas. Willsmore carried otit his measurements with a rectangu- 
lar piece of foil, which dipped for a considerable distance into 
the solution (19). It has been shown, however, that a steady 
e.m.f. is obtained more quickly when there is a minimum con- 
tact between the electrode and the solution. The reason for 
this is not at once apparent, but it is supposed to depend on 
certain peculiar physical conditions at the surface of the liquid, 
whereby a rapid diffusion from the surrounding solution to the 
point of contact is prevented, the local conditions maintaining 
an equilibrium, which is not quickly upset (16). As minimum 
contact is easily obtained with the electrode devised by Wal- 
pole, this electrode, modified by Barendrecht, has been most 
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generally used in this laboratory. It has been shown by Has- 
selbalch that a steady e.m.f. is rapidly obtained when the elec- 
‘trode vessel is shaken, thus bringing all the solution into contact 
with the electrode, and he has devised special apparatus for 
doing this.(20) The WHasselbalch electrode has undergone 
some modification at the hands of other workers, and of these, 
that constructed by Clark has found general acceptance. A full 
description of the electrode will be found in the article by 
‘Clark. (16) : 


Hydrogen Electrode. 


The Barendrecht electrode consists of a capillary glass tube, 
‘having an elongated bulb of about 0.5 c.c. capacity blown upon 
it. -A platinum wire is sealed in through the side of the bulb, 
-and bending at right angles, approaches the construction in the 
‘lower part. This is shown in Fig. 7. 


Fig; 7 
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The platinum wire at B has a fine copper wire soldered to 
it, which is led away to a potentiometer. In experimenting with 
the electrode, the writer was led to make several modifications 
in its construction. In the first place, it was found that in platin- 
ising the electrode, the resistance of the solution in the fine 
part of the tube was a disadvantage. To obviate this, the 
writer sealed what may be termed an “ inert electrode” into the 
tube at A. This is used only during platinising, constituting. 
the anode in the system, and the arrangement, when used with 
« platinising vessel, to be described later, makes for convenience: 
and ease of operation. | 

Another modified electrode is shown in Figure 8, which, in 
this case is provided with two hydrogen electrodes, and one inert 
electrode. It is thus possible to compare the e.m.f.’s of two: 
electrodes simultaneously placed in the solution under examina- 
tion, and with it one learns how easily an incorrect reading may 
be given by an electrode which, to all appearances, is properly 
platinised, and is in good working order. 


Fia. 8. 
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The Platinizing of the Electrodes. 


The platinum electrodes for hydrogen ion estimation which 
have just been described, are coated with platinum black in the 
following manner. _ 

First, the platinum is thoroughly cleared from grease and. 
other foreign matter by immersion in a potassium bichromate-. 
sulphuric acid mixture. It is then washed and connected to the: 
negative pole of an accumulator or suitable source of current. 
If the eleatrode is of the removable type, such as the Walpole 
Hasselbalch, or the Clark, it is now placed in a beaker, and cov-- 
ered with the platinising solution, the current from the positive: 
side being led into the solution by a clean platinum wire. The 
platinising solution must be prepared with due precautions as. 
to its chemical purity, and consists of a 3 per cent. solution of 
platinic chloride, with a trace of lead acetate added to it. A 
new electrode will require to be immersed possibly for five 
minutes, and some operators suggest the coating should be so 
thick that part will fall off. When the electrode is completely 
coated with platinum black, it must be well washed, after which 
it is again connected to the cell, and made the negative elec- 
trode in a beaker containing dilute sulphuric acid, a platinum 
wire as before, constitutes the anode. The current should be 
sufficient to cause vigorous bubbling. By this means all traces 
of platinum chloride will be removed from the coating on the 
electrode.(7) It must now be well washed in a stream of dis- 
tilled, or preferably “conductivity” water, and afterwards kept 
in a beaker of the same from contamination. Prolonged wash- 
ing of the electrode is not necessary after this treatment. The 
writer has devised an arrangement which makes the platinizing 
of the Barendrecht or modified Barendrecht type of electrode 
comparatively simple. 

It is illustrated in figure (9) where e is a vessel closed by a 
double bored cork, a is the electrode tube, while to d a rubber 
tube is connected, which is kept closed with a clamp. In using the 
apparatus, one blows through d, and forces the level of the plat- 
inising solution above the electrodes in a. As the electrode tube 
is thus kept vertical during platinisation, the bubbles of gas 
coming away from the electrodes are free to escape at the upper 
end of the tube. With other methods of coating, this bubbling 
about the electrodes was a great source of trouble. An exactly 
similar glass vessel is provided, to which the electrode is trans-- 
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ferred, subsequent to its platinising, and after a thorough wash- 
ing in distilled water. 

The second vessel is provided with a 5 per cent. solution 
of sulphuric acid, and when the electrodes have been connected 


as before, 1.e., making the hydrogen electrode negative in the 
arrangement, it is left to bubble vigorously for about ten minutes. 
It must now receive a most careful washing, and after satura- 
tion with hydrogen, be preserved in a beaker of distilled water. 

As ‘Michaelis points out, the hydrogen electrode does not need 
replatinising frequently when protein solutions only are used. 

It does not readily make small errors, but if out of order 
will give quite impossible results. A deterioration of the elec- 
trode is indicated when it takes a long time to obtain a con- 
stant reading. In taking readings Michaelis recommends that 
they should be made every ten minutes, and should not be 
-accepted until three successive readings are identical. Before 
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use in routine investigations, the hydrogen electrode must be 
subjected to a test in order to ascertain if it be in good working. 
order. To do this one must place in the electrode vessel a 
solution of known hydrogen ion concentration, and for this 
purpose Michaelis suggests a “buffer” mixture made as fol-- 
- lows :— 

LOvecN4 Na: OH: | ‘ 

ZW ec.oWNt ELA. 

70 c.c. distilled water. 

Using the N/10 KCL calomel electrode this mixture should,. 

at 18°C. give an e.m.f. of 0.6045 v. At other temperatures the: 
e.m.f. of this chain is as follows :— | 


2) OF nm ee Obie ADIN RRA 1, 58 ie, 
2:55 OME hs Lene Mere ee as OS O08 
ees SRN her ie ok Be aM Sl 0.6093 v. 


That is to say; there is a rise of 08 millivolt for every degree- 
of temperature. (7) 


Examination of Fluids Containing Gases in Solution. 


The presence of such gases as oxygen, chlorine, ammonia,. 
carbon dioxide or nitrogen in solutions makes their examina- 
tion by the electrometric method difficult, or in certain cases, im-- 
possible. 

Chlorine gas in such a fluid for instance, would partly saturate: 
the electrode, and also diffuse into the gas space above. In. 
this case, the e.m.f. would be in part due to its presence, thus 
making the result worthless from the point of view of hydrogen 
ion concentration estimation. 

Ammonia is a gas, the presence of which makes an examina-- 
tion by this method impossible. 

The occurrence of CO, in solution is common enough in 
physiological fluids, and it is of some importance that the effect 
of its presence on the e.m.f. developed be noted. The diffusion: 
of COx into the gas space above the fluid will lower the partial’ 
pressure of the hydrogen, and as the electrolytic solution pres-. 
sure of hydrogen is a function of its partial pressure, the read- 
ing on the potentiometer would not be an accurate measure of 
the hydrogen ion concentration of the solution. As to whether~ 
the error thus introduced is sufficient to be of importance, auth- 
orities differ. Milroy, in carrying out some important investi-- 
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gations in the changes of hydrogen ion concentration in the 
blood, was content to disregard it. He remarks that the error 
-must be small, since the measured e.m.f. varies only as the 
logarithm of the partial pressure, and in his opinion its 
recognition did not warrant the needless bleeding of the animal 
involved in the method of Hasselbalch (5). 

Where it is thought absolutely necessary to eliminate this 
-source of error, recourse may be had to the Konikoff or Hassel- 
-balch electrode vessel. 

These vessels provide means whereby the specimen being 
.examined may be brought into contact with the hydrogen at- 
‘mosphere above the electrode and shaken, thus allowing the 
‘tension of the CO, in the hydrogen to become equal to that in the 
‘fluid. After this has been done, the fluid is removed, and re- 
placed by a fresh sample without changing’ the hydrogen 
atmosphere. There will then be no further diffusion of CO, 
into the gas space, since conditions of equal tension will have 
been established as regards any CO's present. Incidentally, the 
shaking of the electrode tube will have the effect of removing 
-any oxygen present in the liquid, by combining it with the hy- 
drogen of the electrode. This in itself will assist in obtaining 
-a constant e.m.f. in a comparatively short time. 


Preparation of the Hydrogen. 


The hydrogen used in these tests must be of extreme purity. 
If it be prepared from, dilute sulphuric acid and zinc in Kipp’s 
_apparatus, there may be some danger of contamination with 
hydrogen sulphide. Michaelis suggests that the gas be washed 
with potassium permanganate solution, to remove any oxidis- 
-able substance, and then bubbled through a solution of mercuric 
-chloride. (7) 
Sharp and Hoagland prepare the hydrogen by electrolysing 
-a 25 per cent by weight solution of caustic potash in a special 
cell, using nickel electrodes. The hydrogen is led away, and 
‘passed through a tube containing platinum black deposited upon 
asbestos, which is kept hot by means of a glowing spiral of high 
resistance wire electrically heated, the purpose of which is to 
remove, as water, any oxygen which might be present. (6) 

In this laboratory, hydrogen, electrolytically prepared, and 
-stored in steel cylinders, is exclusively employed for saturating 
‘the electrodes. 
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The Operation of the Electrode. 


As has previously been remarked, in this laboratory, the simple 
electrode devised by Barendrecht has been used to the exclusion 
of all others in routine work. In Barendrecht’s original article 
it will be seen that the fluid is drawn up and down the glass 
vessel by a close fitting syringe. This is shown in Fig. 10. To 


Fie, 10. After Barendrecht 


do this by hand in the usual way made it difficult at times to 
affect the fine adjustment needed to obtain a minimum con- 
tact. The writer has therefore devised a ratchet and pinion at-. 
tachment, which is connected to the plunger of the syringe, 
which allows a very exact adjustment to be made with but little 
trouble. 

A diagramatic view of the device is shown in fig. 11, where 
a is the “syringe,” and b the perforated plunger, which is con- 
trolled through the rackwork by means of the milled wheel g. 
The hydrogen is admitted at c, and the glass electrode tube ec 
is attached closely to the apparatus by a rubber tube d. The whole 
arrangement is made adjistable on the stand f. 

The technique of using this apparatus is as follows:—Having 
thoroughly ventilated the electrode with hydrogen, and before 
the fluid to be investigated has been drawn up the tube, the 
plunger should be moved in and out by means of the milled 
wheel in order to remove any trace of air which might be oc- 
cluded between it and the end of the tube; then, with the hy- 
drogen passing through the electrode slowly, the open end of 
the glass tube is brought below the surface of the liquid to be 
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examined. Immediately this is done, the gas should be ‘cut off,. 
the cock on the piston being provided for this purpose. The 
piston is then gently drawn out of the barrel, and the solution 
- allowed to enter the-vessel, and completely to cover the platinum: 
wire. Keeping the end of the vessel still below the surface 
of the liquid, the contained fluid is ejected from the tube, allow- 
ing a minute portion to remain in the capillary end. Another 
portion is now drawn up and down the platinum wire, and again 
ejected, after which the final portion is allowed to enter the 
vessel in such a manner that the platinum wire makes a mini-— 
mum contact with the fluid. In’ dealing with liquids which do 
not contain carbon dioxide, it is not perhaps so necessary to 
leave a small quantity in the tube ‘as described, since the ob- 
ject of this is to retain the original hydrogen atmosphere, plus 
carbon dioxide in equilibrium with that contained in the fluid. 
The reason for “ washing” the platinised wire with the fluid of 
the final portion is, that in this way the contained oxygen is re- 
duced by the hydrogen of the wire, and a steady e.m.f. is sooner 
obtained, also the changing of the solution should enable the 
COs in the final portion to be in equilibrium with that in the 
hydrogen, and thus do way with any risk of diffusion from: 
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fluid into gas space. The electrode tube is now wiped with 
filter paper in order to remove any fluid adhering to it, and the 
vessel containing the connection solution is brought below it, the 
tube making minimal contact with the solution. The tube con- 
nected with the calomel electrode having also been brought below 
the surface of the connecting fluid, the operator may now pro- 
ceed to measure the resultant e.m.f. according to the directions 
supplied with the particular potentiometer used. 

In recording these measurements, a note should be made of 
the time elapsing between each test, a convenient interval being 
five minutes. In general it will be noticed that during the first 
few minutes there will be a gradual increase in the e.m.f. This 
effect is less noticeable with those electrodes which employ a 
shaking device, and if such be used, it would appear to be de- 
sirable to depend upon measurements taken a short time after 
the preliminary shaking rather than upon the record of a single 
long experiment. This matter of “potential drift” is treated 
at length in the article by Clark, previously referred to. 

Between each experiment the electrode tube must be thor- 
oughly washed with distilled water; it should be then saturated 
with hydrogen, and immersed in a beaker of distilled water in 
which it is kept until required. | 


The Calculation of the Result. 


Having obtained the e.m.f. on the potentiometer scale, the 
H. ion concentration is calculated from it by means of Nernst’s 
formula as follows, to quote Milroy :— 

Let 7, —the emf. of the system. 

ao= the e.m.f. of the calomel electrode employed when the H” 
concentration is normal, viz., 0.251 volt at 18 C., using the satur- 
ated KCI calomel electrode; while C, and C, are the H’ ion con- 
centrations of the two fluids. 


aan: 
Then— ty =Tyt. 0577. og. g 


C may therefore be calculated when 7 is measured. | 
Or, if P be substituted for Cp (10~”), the result may be made 
to serve as a basis of measurement. 
So, then— 
ae, 
7p =log = or —log. C. 
The value —log C is, in accordance with the fe te of. 
Sorensen, commonly employed. to express. the H’ ion concentra- 
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tion, and has received the name “ Sérenson’s negative hydrogen 
ion exponent,” and is indicated by the sign P,,, or pH. 

In dealing with such a notation, one must bear in mind the 
fact that a rise in the P,, signifies a fall in the H: ion concen- 
tration. (5) As Baylis remarks, while it is “easy to see that a 
hydrogen ion concentration of 4x10-® is double that of 2x10-, 
it is not at once obvious that a P,, of 5.398 is double that of 
5.699, One has to get accustomed to thinking in negative log- 
arithms.” (1) 

Yo this end it may perhaps be helpful to the student if the 
fH of familiar laboratory reagents such as decinormal hydro- 
chloric and acetic acids is calculated. 

We may do this if we know the normality of the solution, and 
its degree of dissociation. 

As Macleod points out, decinormal hydrochloric acid is dis- 
sociated 91 per cent., it is therefore 0.091 N or 9.1x10--. The 
P,, 1s found by subtracting from the power of ten, the logarithm 
of the reciprocal of the normality in hydrogen ions. Thus :— 
Log. 9.1 is .96, now —2 minus .96 = —1.04, which is the pH 
sought. 

Again, acetic acid in decinormal solution is dissociated 1.3 
per cent; it is therefore 0.0013 N in hydrogen ions, or 1.3x10-°. 
Now, log. 1.3 is .11; subtracting .11 from —3, we get —2.89, and 
the pH is therefore 2.89.* 

To find the normality in ordinary notation, we must subtract 
the pH from the next higher whole number, and take the anti- 
logarithm of this number. 

Thus, if the P,, be 7.45, subtracting this number from 8, 
we get 0.55. Now, the antilogarithm of this is 3.55, and the 
hydrogen ion concentration, or C,, is therefore 3.55x10-*. (21) 

We would again lay stress on the fact previously mentioned, 
ic., the formula of Nernst shows that for a tenfold difference 
in the hydrogen ion concentration of the fluid under examina- 
tion, the electrode potential changes by only 0.058. volt. 

In the case of the concentration cell previously mentioned, 
ii is found that “ when a univalent electrolyte is employed, an 
e.m.f. of 0.058 volt is developed where one solution is ten times 
the concentration of the other, and the electrode potential be- 
tween monad metal and a normal solution of the correspond- 
ing metallion is thus 0.058 volt smaller than the electrode poten- 
tial between the same metal, and a decinormal solution of the 
metallion.” (4) 


* Algebraic eum would probably be the better expression to use in these cases. 
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Schmidt (22) has discussed the matter of pH in a way which 
-‘makes the use of this notation as a measure of reaction, more 
intelligible to the student. He says, “ the term fH is given to the 
exponent of ten taken as a positive number. This is the most 
rational system, since all values are expressed in the same units. 
‘Thus C,,=-5.03x10-!° can be expressed entirely as a power of 
ten. 

5:03=10° since log. ,,5°03=0-702) 
C= 10e@ x 10-" 
—10-?:2% 


Therefore P,=9:298. 


Another example: To find P, when Cy=0°409 x 10 ~’— 
Py= log. 35 Cy 

Py =log.91 -log.;,>CH. 

log:,Cq= 10-" x 10° 

= 8-612 
P= 17°388 — 10 
P,=T 388, 

Or, starting from the log. 8.612, one may convert this into 
tthe negative form by subtracting from 0.000 and obtain the 
required result, thus :-— | 

0.000 
8.612 
—7 388 
Which is the required pH. 

A useful method of calculating the hydrogen concentration 
‘decimal points of the pH from right to left as abscissae, while 
‘ii one draws a diagonal line on semi-log paper, and plots the first 
‘decimal points of the H from right to left as abscissae, while 
the hydrogen ion concentrations are plotted, from 0.1 to 1.0 as 
-ordinates. , 

If, for example, one wishes to convert pH 6.7 into a corres- 
-ponding hydrogen ion concentration, one finds by examination that 
6.7 cuts the diagonal line at 0.2, and the concentration is 0.2x10-°. 

By plotting the electrical potentials against the hydrogen ion 
-concentration on semi-log paper one can, if necessary, avoid the 
suse of Sirensen’s exponent or pH. 
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In conclusion the writer would like to put on record his 
appreciation of the many kindnesses extended to him over a 
number of years by Prof. Osborne, but for whose encourage- 
ment and help this work could not have been undertaken. 

The author has not hesitated to quote freely from the authort- 
ties named, and trusts that the student may be led to read at 
lensth the articles neteruedt to: 
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The Council herewith presents to Members of the Society the 
Annual Report and Statement of Receipts and Expenditure for 
the past -year. 

The following meetings were held :— 

March 11th:—Annual Meeting. 

The following office-bearers retired by effluxion of time: 
President, J. A. Kershaw, :F.E.S.; Vice-Presidents, Professor 
Ewart and F. Wisewould; Hon. Treasurer, W. A. Hartnell; Hon. 
Librarian, Dr. Griffith Taylor; Hon. Secretary, Professor Ewart; 
Members of- Council, Professor Skeats, Professor Laby and 
Messrs. Chapman, Herman, Shephard and Sweet. 

The following were elected: President, Professor Ewart; Vice- 
Presidents, F. Wisewould and Professor Laby; Hon. Treasurer, 
W. A. Hartnell; Hon. Librarian, Dr. Griffith Taylor; Hon. Sec- 
retary, J. A. Kershaw; Members of Council, Professor Skeats, 

Professor Laby, and Messrs. Chapman, Herman, Shephard and 
— Sweet. 

The Annual Report of the Council and Financial Statement 
were read and adopted. 

ieee the close . of the “annual. meeting “an  ofdinary 
meeting was held. Papers’ read: (1) “New Australian 
Tabanidae, with notes on _ previously described species,” 
eee VV. Ferguson, ~ M.B.,  CheMos 2)" “Description 
of a New Species of Mochlonyx from Australia,” by E. 
- W. Ferguson, M.B., Ch.M. Exhibit: Dr. E. F. J. Love showed 
a simple model, illustrating some phenomena of Resonance and 
Polarisation. Mr. Barkley showed photographs of the Christmas 
Meteor, which fell at Penshurst, Western District, in 1917; 
specimens of Eucalyptus Luehmani, and colour photographs of 
same; example of penetration caused by extreme wind force, 
showing a hardwood picket, in which a small piece of galvanised 
iron had penetrated its entire width; meteorological maps, show- 
ing—(1) Wet season rainfall; (2) evaporation; (3) snow falls; 
(4) wet season maps. Mr. Chapman showed specimens of 
_ Travertine; from Yass, New South Wales. 
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April 8th:—Papers read: “ Heliotropism and Nyctinasty of 
Flowers,’ by D. A. Herbert, B.Sc. Exhibits: Professor E. W.. 
Skeats showed specimens of Jarosite (hydrated sulphate of iron. 
and potassium), and Natrojarosite, from near Anglesea, Vic- 
toria. Dr. J. M. Baldwin showed a photograph of a Totai Eclipse- 
of the Sun, being a print from one of the photographs taken 
at Sobral on 29th May, 1919. Seven comparison photographs. 
were taken under similar conditions with the same apparatus be- 
tween 13th and 18th July, and show star images like those on the: 
print exhibited. Mr. J. A. Kershaw showed an Obsidianite, ob-- 
tained at Glenalbie, Blackwood Forest, Wonthaggi, Victoria, 
showing a peculiar circular depression on the upper surface, and. 
unusually large and numerous pittings on the lower surface. 

Professor W. E. Agar, M.A., D.Sc., and Captain John King 
Davis were elected members; Mr. W. Langford, B.Sc., B.M.E..,. 
a country member, and Mr. B. Macdonald, Mr. F. E. Moore,. 
M.B.E., and Mr. Edwin T. Quayle, B.A., associates. 

May 13th:—Papers: (1) “ Aboriginal Flaked Stone Knives,” 
by George Horne, M.A., M.D.; (2) “ Abnormalities in the 
Flowers of Eriostemon obovalis, and Glossodia,” by Miss J.. 
Cookson, B.Sc. | , 

Exhibits: Dr. Griffith Taylor showed a series of diagrams 
illustrating Evolution of Culture and Language; Mr. J. A. Ker- 
shaw showed a fine-example of Fasciation in the Stem of Casu-- 
arina. 


Mr. A. D. Mackay, M.M.E., B.Sc., and Senator J. D. Millen 
were elected members, and Mr. H. F. Clinton and Miss Francis. 
Stevenson associates. 

June 10th:—Papers: “A Palaeographical Deduction drawn. 
from the Existence of the Crystalline Schist Formation of Cen- 
tral Celebes,’” by E. C. Abendanon (communicated by Mr. H. 
Herman, B.C.E. Exhibits: Professor T. H. Laby showed three: 
Electrode Valves used in Wireless Telegraphy, Telephony, and. 
Wire Telephony. Mr. Chapman showed an example of a Fossil 
Nautilus from Murray Cliffs, South Australia. Mr. Leo Miller 
and Mr. E. L. Piesse were elected members, and Dr. Sidney Pern 
an associate. 

July 8th:—Papers: (1) “The Relationship of the Sedimen- 
tary Rocks of the Gisborne District, Victoria,’ by W. J. Harris,. 
_B.A., and W. Crawford. (2) “A Geologist’s Notes on Water 
Divining,” by Griffith Taylor, B.A., B.E., D.Sc. ..(3).“A-Re 
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vision of the Australian Cicadidae,” Part I., by Howard Ashton. 
Mr. F. A. Cudmore was elected a member. 

August 12th:—Papers: (1) “ Organisation of Science in Aus- 
tralia,” by Professor T. H. Laby, M.A. (2) “ Note on the 
‘Dimpling’ of Granite Hills in Sub-Arid Western Australia,” by 
J. T. Jutson. (3) “ An Example of Gravitational Drift of Rock 
Debris in Parallel Lines in Sub-Arid Western Australia,’ by 
J.°T. Jutson. 

Dr. W. Heber Green and Mr. J. Goodwin were elected mem- 
bers. 

September 9th:—Papers: (1) “ Possibilities of Modifying 
Climate by Human Agency, with special application to South- 
eastern Australia,” by E. T. Quayle, B.A... (2) “ Revision of 
the Genus Pultenaea,” Part II., by H. B. Williamson. Exhibits: 
Mr. Chapman exhibited some exceptionally well preserved Trias- 
sic Leaves in Pipeclay from Petrie’s Quarry, Brisbane, Queens- 
land, and Mr. H. Barkley showed some interesting examples of 
Fractures in Glass. Mr. Robert Lowther was elected a member, 
and Mr. W. Crawford a country member. 

October 14th:—Paper: “A Generalisation of Elementary 
Geometry,” by D. K. Picken, M.A. Dr. J. M. Baldwin delivered 
a lecture on “ Giant Stars and Dwarf Stars.” 

November 11th:—Paper: ‘“ A Description of the Bracebridge 
Wilson Collection of Victorian Chitons, with descriptions of Two 
New Species,” by Edwin Ashby, F.L.S. (communicated by J. A. 
Kershaw). Mr. A. E. V. Richardson, M.A., B.Sc., delivered a 
lecture.on “The Application of Genetics to Plant Breeding.’ 
The lecture was illustrated by diagrams and specimens, 
December 9th:—Papers: (1) ‘“ Researches into the Serological 
Diagnosis of Contagious Pleuro-Pneumonia of Cattle,’ by 
G. G. Heslop, M.V.Sc., D.V.H. (Walter and Eliza Hall 
Fellow). (Communicated by Professor H. A. Woodruff). 
(2) “New or Little-known Victorian. Fossils in the 
National Museum. Part XXV.: Some Silurian Corals,” by F. 
Chapman, A.L.S. (3) “ Contributions to the Flora of Australia.” 
No. 29. By A. J. Ewart, D.Sc., Ph. D. (4) “ The Estimation of 
Acidity,” by Dr. J. M. Lewis.- (Communicated by Professor W. 
_A. Osborne. . 

Professor W. A. Osborne delivered a lecture on “ Physiological 
Factors in the Development of an Australian Race.” Exhibit: 
Dr. P. Th. Justesen, by invitation, showed specimens of Raf- 
flesia preparations in alcohol, and a series of lantern slides of 
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same. Mr. W. S. Littlejohn was elected a member, and Miss 
Margaret Nicholson an associate. 

During the year ten members, two country members, and six 
associates were elected, including one associate elected as a mem- 
ber; one associate resigned, and two members and one associate 
died. 

The attendances at the ordinary meetings during the year have 
been larger than for some years past, and the interest in the work 
of the Society has been well maintained. 

The attendances at the Council meetings were as follow :— 
Mr. Kershaw, 10; Professor Ewart, 9;.-Mr. Hartnell,’93° Mr. 
Wisewould, 8; Mr. Chapman, 8; Profeeeee Osborne, 7; Dr. Sum- 
mers, 7; Mr. Shephard, 7; Professor Laby, 6; *Dr. Griffith Tay- 
lor, 6; *Dr. Baldwin, 5; Mr. Picken, 5; Mr. Dunn, 4; *Professor 
Skeats, 3; Mr. Herman, 3; Mr. Richardson, 2; *Dr. Green, 2; 
*Professor Agar, 2. 

Vacancies on the Council were caused by the death of Mr. 
George Sweet, and the resignations of Professor Sir Baldwin 
Spencer and Dr. Griffith Taylor, and were filled by the election of 
Dr. Heber Green, Dr. J. M. Baldwin and Professor W. E. Agar. 

Dr. Griffith Taylor, whose resignation as Hon. Librarian fol- 
lowed his appointment as Associate Professor of Geography in 
the Sydney University, carried out useful work in the re-arrange- 
ment of the library, in which he was ably assisted by the Assis- 
tant-Librarian, Mr. L. Scott. 


During the year, about 1911 volumes and parts were added 
to the library. Two additional book cases were purchased, and 
placed in the Council room. These have greatly relieved the 
overcrowded state,of the shelves, and allowed for a more con- 
venient arrangement of the periodicals. 

Abstracts of the papers read at each meeting have been pub- 
lished in “ Science and Industry,” and similar abstracts are being 
sent to “ Nature.” 

Part II. of Volume XXXII. of the ‘‘ Proceedings ” was issued 
in September. The printing of this part was unfortunately de- 
layed for some months owing to a printers’ strike, followed by 
other industrial troubles. The issue of Part I. of Volume. 
XXXIII. was consequently found impossible, and the Council 
therefore decided that Parts I. and II. should be issued together. 


* Absent oa leave, resigned, or elected during the year. 
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‘It is expected that this volume will appear about the end of 
April. 

_ The heavy increase in the cost of printing the Society’s pub- 
ications has now become a matter of serious concern, and, in 
all probability, will necessitate a reduction, both in printing mat- 
‘ter and illustrations, thus seriously affecting the usefulness of 
the Society’s work. 

Owing to lack of funds no binding has been possible during 
‘the year, while repairs to the building and fences, which cannot 
‘much longer be delayed, have had to be held over. 

It is with much regret we have to record the loss by death of 
“Mr. George Sweet and Mr. John Booth, both members of long 
standing. 

The late Mr. George Sweet, F.G.S., was born on September 
‘16th, 1844, at Salisbury, England, where he was brought up as 
-a contractor. In 1866 he came to Australia, settling in Bris- 
‘bane, Queensland, and in the following year arrived in Vic- 
toria, where he later established his business of brick, tile and 
pottery works at Brunswick. 

He was a member of the Society from 1887, was elected a 
member of the Council in 1901, and President in 1905. He took 
an active interest in the work of the Society, and his practical 
experience and advice were ever at the disposal of the Council. 
He was a keen geologist, and made extensive collections of fossils 
from the carboniferous and cretaceous strata of Queensland, 
and also in New South Wales, Tasmania, and, various parts of 
Victoria. Much of his material, which was of considerable scien- 
‘tific value, is now in the National Museum, Melbourne. In 1888, 
at the request of the late Sir Frederick McCoy, then Director of 
the National Museum, he spent considerable time in investigating 
the rocks of the Mansfield district, generously placing his time 
and experience at the disposal of the Museum, and obtained an 
extremely interesting and valuable collection of carboniferous 
fish and plant remains, since described in the “ Memoirs of the 
National Museum.” Among the new species obtained were the 
‘remarkable selachian, Gyracanthides murrayi, for which McCoy 
established a new genus, and Elonichthys sweeti. He also inves- 
tigated the Permo-Carboniferous glacial beds near Bacchus 
Marsh, where he found the interesting fossil fern described as 
Taeniopteris Sweeti, and was second in command of the second 
Funafuti Expedition, under Professor (now Sir) Edgeworth 
David, in 1897. He was for many years a member of the Field 
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Naturalists’ Club of Victoria, and of the Australasian Associa- 
tion for the Advancement of Science since its inauguration. He: 
died on 14th March, 1920. Mr. Sweet’s only surviving daughter,. 
Dr. Georgina Sweet, is Associate Professor of Zoology in the 
Melbourne University. 


The late Mr. John Booth, B.Sc., M.C.E., was one of the two 
oldest surviving members of the Society. He was born in 1857, 
at “ Tragowell,” Kerang, Victoria, where, in the early days, he 
met the Burke and Wills Expedition during their halt of three 
days at this station. He removed later with his parents to Coburg. 
Up to the age of eighteen years he attended Wesley College, 
passing on to the Melbourne University, where he took his B.C.E. 
degree in 1878, and gained that of M.C.E. in 1884, the first, it | 
is understood, to take this degree in Australia. Afterwards he 
practised his profession, being engaged in railway construction 
and in the Melbourne and Metropolitan Board of Works. Later in 
life he returned to the University, and in 1907 obtained the de- 
gree of B.Sc., specialising in biology. While interested in vari- 
ous branches of science, he devoted himself for some time to the 
study of Australian Batrachians. He was a member of the: 
Microscopical Society of Victoria, in the work of which he took 
a keen interest, and held the office of President, and was for 
many years a member of the Field Naturalists’ Club of Victoria.. 
His kind and sympathetic nature and unfailing courtesy made 
him many friends, who mourn his loss. He died suddenly on 
25th July. F 

During the year it was decided to arrange for a series of short. 
popular lectures on subjects of general interest, to follow the: 
read:ng and discussion of papers. The first of these was delivered 
at the October meeting by Dr. J. M. Baldwin, followed at the 
November and December meetings by Mr. A. E. V. Richardson, 
M.A., B.Sc., and Professor WW. A. Osborne respectively. The lec- 
tures were well attended, and much appreciated, and it has been 
decided to continue these as far as possible throughout the year. 

The Hobart meeting of the Australasian Association for the Ad- 
vancement of Science was held in Melbourne on 10th January 
last. All arrangements had been completed for the meeting to be 
held in Hobart, but, owing to the means of transport being inter- 
fered with by a seamen’s strike, these had to be cancelled at the 
last moment, and arrangements made, at very short notice, for 
the meeting to be held in Melbourne. The Congress, however, 
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proved a most successful one, and, considering the unusual cir-. 
cumstances, was well attended. A long and interesting series of 
papers on various subjects of scientific interest were dealt with,. 
and a number of excursions to places of interest was carried out. 
Three delegates from this Society attended. The next meeting 
of the Association will be held in Wellington, New Zealand, im 


January, 1923. 
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Lhe names of new genera and species are printed in italics. 


Abnormalities, Floral, 32 
Acanthochiton bednalli, 152 
gatlifi, 152 
glyptus, 152 e 
levis, 152 | 
matthewsi; 152 
maughani, 152 
pilsbryi, 152 
speciosus, 152 
wilsoni, 152 
A'gnostus, 58 
Ainslie Valley, 79, 80 
well, 80 
Alveolites regularis, 213, 216, 223 
225 


suborbicularis, 215 
-victoriae, 212, 215, 224 
Anapsaltoda pulchra, 96 
Arenopsaltria fullo, 97, 98 
nubivena, 97, 98~ 
pygmaea, 97, 99 
unicolor, 98 
Arunta flava, 91 
interclusa, 90, 91 
intermedia, 91 
perulata, 90, 91 
Ashby, Edwin, 149 
Ashton, Howard, 87 
Asperula scoparia, 
226 
Atrypa, 70 
Aulopora, 221 
Auloporidae, 221 
Australian Flora, 226 
Bartsia trixago, 226 
Bassia quinquecuspis, var. villosa, 
226 
Beyeria brevifolia, 226 
virgata, 226, 227 
Caladenia, 36 
Callochiton platessa, 
rufus, 150 
Camarotoechia, 60, 70 
Canberra water supply, Map, 80 
Cannapora, 70 
Cardiograptus, 55 
morsus, 49 
Chapman, Frederick, 212 
Chaoborinae, 30 
Chaoborus queenslandensis, 30 
Chiton carnosus, 153 
inquinatus, 156, 157 
limans, 153 
muricatus, 152, 153 
tricostalis, 153. 
Chitons, Victorian, 149 


var. elongata, 


150 


Cicada angularis, 99 
argentata, 93 
atra, 104 
dichroa, 94 
extrema, 101 
eyedouxii, 96 
graminea, 103 
hieroglyphica, 99 
interrupta, 105 
intersecta, 101 
moerens, 92 
olivacea, 92 
perulata, 90 
pictibasis, 93 
plaga, 93 
plebeja, 103 
pustulata, 104 
queenslandica, 
sylvana, 100 
sylvanella, 101 
‘sylvara, 100 
tristigma, 106 

Cicadidae, 87 

Cicadinae, 88 

Claytonia perfoliata. 227 

Cleistopora, 218, 219 

Climacograptus, 53, 54, 56, 57, 61, 

63, 72 
bicornis, 51, 64 
bicornis, var, peltifer, 51, 54 
Climate, modifying by human 
agency, 115 

Clonograptus abnormis, 47 

Conchidium, 70 

Contagious Pleuro-Pneumonia of 

Cattle, 160 

Cookson, Isabel C., 32 

Corals, silurian, 212 

Corethra australiensis, 30, 31 
cinctipes, 31 
culiciformis, 31 
lapponicus, 31 
new species of, 30 

Corizoneura, 1 
angusta, 10 
rubiginosa, 10 

Cosmopsaltria obtecta, 104 

Crawford, W., 39 

Crinoid, 71 ; 

Cryptograptus, 53, 56 
tricornis, 52, 55, 56. 57 

Cryptoplax striatus, 152 

Cryptotympana nigra, 104 
pustulata, 104 

Cyclochila australasiae, 92 
australasiae, var. spreta, 92 


103 


282 


Cyclochila laticosta, 92 
virens, 92 
Demoplatus, 9 
Diatomineura, 1 
Dicellograptus, 56, 6%, 72 
Dicellograptus complanatus, 61 
ef; elegans, 51, 52,°61, 73. 
cf, sextans, 51, 52, 57 
smithi, 53 
Diceropyga obtecta, 104 
Dichograptus octobrachiatus, 48 
Dicranograptidae, 53 
Dicranograptus furcatus, 51, 61, 62, 
65 
nicholsoni, 65 
ramosus, 51 


ziczac, 51, 61. 65 
bifidus, 47, 48, 49, 57, 58 
Didymograptus caduceus, 47, 48, 

54, 55, 56, 57 

caduceus, var. forcipiformis, 
48 

caduceus, var. manubriatus, 48, 
56 

octobrachiatus, 48 

similis, 47 


uniformis, 48 
v—deflexus, 48, 56 
Dillwynnia ericifolia, 145 
* Dimpling’’ of Granite Hills, 108 
Diplograptus, 48, 51, 
61, 
ef. angustifolius, 
foliaceus, 73 
palmeus, 55 
pristis, 51 - 
Drift of Rock Debris, 111, 112 
Dundubia bicaudata, 104 
mannifera, 105 
subapicalis, 104 
Ectenopsis angusta, 11 
australis, 12 
minor, 11 
rubiginosa, 11 
victoriensis, 12. 13 
vulpecula, 10, 11 . 
vulpecula, var. nigripennis, 11 
Eleusine indica, 228 
Emmonsia, 214 
Encrinurus, 60, 70 
Erephopsis clelandi. 4 
contigua, 5, 6 
jacksonii, 7, 8 
lasiophthalma, 6. 7 
macroporum, 4, 5 
rufoniger, 6 
subcontigua, 5, 7, 28 
ranthopilis, 7 
Erica arborea, 228 
lusitanica, 228 
Eridotrypa, 60, 69, 70 
Eriostemon obovalis, 32, 35, 36, 38 
miniata, 228 
Eucalyptus corynocalyx, 145 
ptychocarpa, 228 


49 


54, 56, 57, 


Index. 


Ewart, Alfred J., 226 
Favosites forbesi, 212, 213, 223 
grandipora, 212, 214 
(Emmonsia) hemispherica, 214. 
(Emmonsia) spinigera, 212, 213, 
214, 225 
Fenestella, 69 
Ferguson, E, W., 1, 30 
Fidicina angularis, 99 
bubo, 104 
fullo, 97 
ifternata, 101 
intersecta, 101 
nubivena, 97 
prasina, 101 
Flora of Australia, 226 
Floral abnormalities, 32 
Fossils, new Victorian, 212 
Frankenia setosa, 228 
Gaeana maculata, 107 
Gaeaninae, 105 
Gisborne district, plan of, 41 
Glossodia, 32 
major, 36, 37 
Glossograptus, 51. 54, 57, 63, 72 
mucronatus, 55 
Goniograptus crinitus, 47, 48 
macer, 47 
speciosus, 48, 56 
thureaui, 47 
Granite Hills, ‘‘ Dimpling”’ of, 108 
Gravitational Drift of Rock Debris, 
111 
Grevillea ceratocarpa, 229 
incrassata, 229 
Harris, W. J., 39 
Helicotoma, 47 
Heliolites megastoma, 70 
Henicopsaltria eydouxi, 
fullo, 97, 98 
interclusa, 91 
kelsalli, 96. 97 
nubivena, 97 
perulata, 90 
pygmaea, 97 
Heslop, G. G., 160 
Heterozona cariosus, 
Huechys vidua, 107 
Ischnochiton australis, 
contractus, 151 
crispus, 15] 
crispus, var. decoratus, 151 
evanida, 151 
‘faleatus, 151 
iredalei, 151 
lineolatus, 151 
pura,. 151 
tateanus. 
torri, 151 
ustulatus, 151 
virgatus, 151 
wilsoni. 151 
Jutson, J. T., 108, 111 
Kerrie conglomerate, 39, 63, 66, 71, 
13, 04 


96, 97 


151 
151 


149, 15] 


Index. 


Kerrie, age of, 74 
Kyllingia intermedia, 229 
Lasiograptus, 49, 55 | 
Lepidopleurus, 150, 155 
inquinatus, 155, 156, 157, 158 
tredalei, 155, 157, 158, 159 
liratus, 155,156, 157, 158 
Leptaena, 60, 69, 70 
Leptochloa subdigitata, 228 
Leptograptus (?), 51 
Logania choretroides, 231 
Loganograptus logani, 54 
Lophyrus muricatus, 153 
Loxonema, 70 
Macrotristria angularis, 99, 102 
doddi, 101, 102 
dorsalis, 101, 103 
extrema, 101, 103 
frenchi, 102, 103 
godingi, 99, 103 
hieroglyphica, 99, 103 
hillieri, 102, 103 
intersecta, 100, 101, 103 
maculicollis, 102 
nigronervosa, 100, 102 
nigrosignata, 101, 103 
occidentalis, 102 
sylvara, 100, 103 
thophoides, 99, 102 
vulpina, 102, 103 
Medicago echinus, 229 
minima, 229 
Melampsalta, 88 
Michelinia geometrica, 218 
progenitor, 212, 220, 223, 224 
Microcala, filiformis, 229 
Milla uniflora, 229 
Mochlonyx, 30 
Modifying Climate 
Agency, 115 
Creation of water surfaces, 119 
by irrigation, 122 
from river floods, 126 
local evaporation areas, 
map, 131 
Monograptus, 
-_ Monotrypa, 70 
Monticuliporoid, 70 
Mount Ainslie, 79 
Mount Majura, 79 
Muscari botryoides, 230 
'  Tacemosum, 230 
Nemagraptus gracilis, 
Neopsaltoda crassa, 95 
Notholaena distans, 230 
Oncograptus unsilon. 48, 49, 56 
Orthis flabellulum, 58 
pectinella, 58 
Palimmecomyia. 9, 29 
Pangonia angusta, 10 
Pangoninae, 2 
Panicum piligerum, 230 
Parachiton, 155 
repens, 230 


by Human 


126 


71 


52, 57 
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Parasilvius, 8, 13, 29 
fulvus, 9 
Pelecorrhynehus, 1 
claripennis, 2 
deuqueti, 28 
flavipennis, 3, 4, 28 
fulvus, 
fusconiger, 2 
Phillipsastraea, 218 
Phyllograptus, cf. typus, 47, 48, 55 
Pimelea alpina, 230 
curviflora, 230 
Husseyana, 230 
Plasmopora, 69 
Platypleura stridula, 88 


tepperi, 88 
Plaxiphora albida. 152 
petholata, 152 
Pleurodictyum amazonicum, 217, 
219 
constantinopolitanum, 217 © 
lonsdalei, 217 
megastomum, 212, 213, 216, 
219, 223 
problematicum. 216 
stylophora, 217 
Pleurograptus, 52 
Pleuro-Pneumonia of Cattle, 160 


historical résumé, 163 
cultures, 168 
serological tests, 174 
agglutination, 176 
complement fixation, 185 
results of complement fixation. 
tests, 201 
literature, 210 
Pleurotomaria, 70 
Polygonum articulatum, 231 
Pol¥zoa, 71 
Psaltoda adonis, 93, 95 
argentata, 93, 95 
aurora, 93, 95 
claripennis, 94, 95 
flavescens, 93, 95 
fumipennis, 93, 95 
harrisi, 94, 95 
insularis, 94, 95 
moerens, 92, 94 
pictibasis, 93, 95 
plebeia, 95 
pulchra, 96 
Psammomya choretroides, 
ephedroides, 231 
Pseudocrinites, 70 
Ptilotus, 231, 232 
Pultenaea acerosa, 139, 140 
acerosa, var. acicularis, 140 
aciphylla. 139 
adunea, 137 
Bauerleni, 137. 
Cambagei, 145 
cordata, 138 
costata, 140 
divaricata, 147 
echinula, 147. 


231 


148 


148 
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Pultenaea elliptica, 136, 142 


Riddell Grits, 39, 42, 58, 59, 64, 69, 
ericifolia, 136, 137 : 


fasciculata, 145 

ferruginea, 142, 143, 144 

ferruginea, var. Deanei, 142 

flexilis, 139 

graveolens, 144 

hispidula, 143, 144, 147 

humilis, 133. 134 

humilis, var. glabrescens, 133, 
145 

involucrata, 134 

juniperina, 138, 139, 140 

‘juniperina, var. latifolia, 138, 
140 

juniperina, var. planifolia, 138 

laxiflora, 135, 140, 144 

laxiflora, var. pilosa, 141 

laxiflora, var. procumbens, 141 

mollis, 145 

Mulleri, 135 

neurocalyx, 138 

parviflora, 143 

petiolaris, 148 

plumosa, 134. 144 

polifolia, 148 

‘polygalifolia, 143 

prostrata, 135 

gadiata, 137 — 

recurvifolia, 146 

Revision of, 133 

Tigida, 139 

setulosa, 135 

strobilifera, 136 

‘styphelioides, 140 

subspicata, 134, 136 

subumbellata, 138, 145 

tenuifolia, 135, 141. 145, 146 

tenuifolia, var. glabra, 146 

‘trifida, 144 

verruculosa, 136 


verruculosa, var. brachyphylla, 


136 
verruculosa, var. pilosa, 136, 
137 

vestita, 135 

villifera, 134 

villosa, 141, 142, 143,.144, 147 

viscidula, 145 

vrolandi, 144 

Weindorferi, 145 
Quayle; E,. T.,-115 
‘Quenstedtia, 221 
Retiograptus geinitzianus, 52, 57 
Rhinopterocaris maccoyi, 47, 52 
Rhynchonellid, 70 
Rhynchotrema, 60, 70 
Rhynchotreta, 70 
Rhyssoplax aureo-maculata, 154 

bednalli, 152 

exoptandus, 152 

jacksonensis, 153, 159 

tricostalis, 152, 153, 154, 159 


Rihana hieroglyphica, 99 
Rocks of Gisborne District, 39 
Romingeria foordi, 221 
niagarensis 742 
ramulosa, 212, 221, 224 
umbellifera, 222 
Saltbush, 226 
Sclerochloa dura, 232 
Selaginella stolonifera, 232 
Silvius, 1, 9 
minor, 11 
nigripennis, 15, 16 
nigroapicalis, 15 
suleifrons, 14 
Siphonotreta micula, 52 
Spirifer, 70, 219 
Stenochiton juloides, 150 
pallens, 150 
Stylaraea, 69 
Sub-Arid Western Australia, 108, 
Ti 
Suriana maritima, 232 
Syringopora bellensis, 223 
porteri, 222 
spelaeanus, 222 
syrinx, 222 
thomi, 212, 222, 224 
Tabanidae, New Australian, 1 
Tabaninae, 16 
Tabanus abstersus, 16 
acutipalpis, 16, 17 
antecedens, 16, 18, 28 
bassii, 22, 24, 28 
brevidentatus, 16 
brisbanensis, 24, 25, 26 
circumdatus, 16, 17, 18 
diemanensis, 24, 25, 26 
dixoni, 23, 28 
edentulus, 16, 17, 28 
fraterculus, 16 
hebes, 16 
hobartiensis, 27, 29 
imperfectus, 27 
latifrons, 19, 28 
nepos, 16 
postponens, 23, 24 
regis-georgii, 24, 25, 26, 27, 29 
tasmanicus, 20, 238, 28 
tasmaniensis, 28 
Tamasa ralnbowi, 107 - 
tristigma, 106. 107 
Taylor, Griffith, 79 
Tertiary Gravels, 75 
Tetragraptus fruticosus, 47, 48, 57 
pendens, 47 
quadribrachiatus, 47, 54, 55 
serra, 47, 48 . 
Tettigia burkei, 106 
hilli, 106 
interrupta, 105 | 
orni, 105 
tristigma, 106 
variegata, 106 
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Tettigonia atrata, 104 Tibicen burkei, 106 

australasiae, 92 doddi, 106, 107 

harrisii, 94 kurandae, 106 

obtecta, 104 Trichinium, 231, 232 
Thamnograptus, 55 Trigonograptus ensiformis, 55 
Therioplectes, 1, 16, 27 sp., 48, 56 . 
Thopha colorata, 89, 90 Tympanoterpes hilaris, 107 

interclusa, 90 Vaughania, 219 

nigricans, 89, 90 Victorian Fossils in National 

saccata, 89, 90 Museum, 212 

sessiliba, 89, 90 Water-Divining, 79 

stentor, 89 Williamson, H. B., 133 
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